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Abstract

Arterial wave reflections have been associated with mortality in an ethnically homogenous Asian

population. It is unknown whether this association is present in a multiethnic population or

whether it is independent of subclinical atherosclerosis. We hypothesized that reflection

magnitude (RM, defined as the ratio of the amplitude of the backward wave [Pb] to that of the

forward wave [Pf]) is associated with all-cause mortality in a large multiethnic adult community-

based sample. We studied 5984 participants enrolled in the Multi-Ethnic Study of Atherosclerosis

who had analyzable arterial tonometry waveforms. During 9.8±1.7 years of follow-up, 617 deaths
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occurred, of which 134 (22%) were adjudicated cardiovascular deaths. In Cox-proportional

hazards models, each 10% increase in RM was associated with a 31% increased risk for all-cause

mortality (HR=1.31; 95%CI=1.11–1.55; P=0.001). This relationship persisted after adjustment for

various confounders and for markers of subclinical atherosclerosis (HR=1.23; 95%CI=1.01–1.51,

P=0.04), including the coronary calcium score, ankle-brachial index, common carotid intima-

media thickness and ascending thoracic aortic Agatston score. Pb was independently associated

with all-cause mortality in a similarly adjusted model (HR per 10 mmHg-increase in Pb=2.18,

95%CI=1.21–3.92, P=0.009). RM (HR=1.71, 95%CI 1.06–2.77, P=0.03) and Pb (HR=5.02,

95%CI=1.29–19.42, P=0.02) were mainly associated with cardiovascular mortality. In conclusion,

RM is independently associated with all-cause mortality in a multi-ethnic population initially free

of clinically-evident cardiovascular disease. This relationship persists after adjustment for a

comprehensive set of markers of subclinical atherosclerosis.
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Introduction

As the pulse wave generated by the left ventricle travels away from the heart, it is partially

reflected due to interactions with the elastic and muscular arteries, generating multiple

reflected waves that travel back towards the heart.1 These waves arise at multiple sites in the

arterial tree, where changes in geometry and/or stiffness occur, thus being influenced by

arterial properties. Reflected waves summate in transit and form a composite wave.2 When

this wave arrives back at the left ventricle during late systole, it increases ventricular

afterload and has been shown to adversely impact left ventricular remodeling as well as

systolic and diastolic function.3–14 We have recently shown that reflection magnitude (RM),

defined as the ratio of the amplitude of the backward wave to that of the forward wave, is

strongly predictive of incident heart failure and is also predictive of a combined endpoint of

cardiovascular events.15

Wang et al. recently used a triangular-flow approach in a homogenous population and

demonstrated that the amplitude of the backward wave (Pb) was predictive of both

cardiovascular and all-cause mortality in men and women.16 However, it is unknown

whether this relationship is independent of atherosclerotic disease at baseline or the

occurrence of incident heart failure. Furthermore, the study by Wang et al. enrolled only

Asian participants.

In this study, we tested the hypothesis that reflection magnitude is a predictor of all-cause

mortality in a multiethnic sample free of clinically evident cardiovascular disease at

baseline, and that such a relationship is independent of subclinical atherosclerosis or clinical

manifestations of heart failure in a multiethnic sample.
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Methods

Study Population

The Multi-Ethnic Study of Atherosclerosis (MESA) enrolled 6,814 men and women aged

45–84 years from 6 centers across the United States to ensure inclusion of subjects from

diverse ethnic backgrounds. Subjects self-reported their ethnicity as African-American,

Asian-American (predominantly Chinese), Caucasian, or Hispanic. All subjects were free of

cardiovascular disease by self-report at the time of inclusion. Subjects were enrolled

between 2000–2002 and contacted every 9–12 months for assessment of clinical endpoints.

All subjects were followed through December 31, 2011. Information was collected from

death certificates, hospital medical records, and autopsy reports. In the case of out-of-

hospital deaths, interviews or questionnaires were administered to physicians, relatives, or

friends.17 Follow-up telephone interviews were completed in 92% of living participants, and

medical records were obtained for 98% of hospital admissions.18 The study was approved

by the institutional review boards of participating centers, and all participants signed

informed consent.

Event Adjudication

Trained personnel abstracted data from the medical record to ascertain cardiovascular

events. Cardiovascular and non-cardiovascular deaths were then adjudicated by a MESA

study committee using standardized definitions (the reader is referred to web appendix from

reference19). Cardiovascular deaths include death from atherosclerotic coronary heart

disease (fatal myocardial infarction), stroke, deaths from vascular aneurysms, death due to

valvular heart disease, death due to congestive heart failure resulting in shock or low-output

states, death following a cardiac procedure such as coronary revascularization, or death due

to pulmonary embolism. If none of the above causes were determined, or a strong history of

another likely cause of death was present, deaths were coded as non-cardiovascular. For

non-cardiovascular deaths, city or state records were sought to determine the underlying

cause.

Data Collection

Standardized questionnaires were administered at the time of enrollment. Resting blood

pressure was obtained in the right arm in triplicate after resting for 5 minutes in the seated

position. An automated oscillometric device (Dinamap-Pro100, GE Medical Systems,

Waukesha, Wisconsin) was used to obtain the readings, with the second and third readings

averaged to obtain the recorded pressure. Serum cholesterol and C-reactive protein levels

were obtained after a 12-hour fast.18 NT-pro-BNP levels were measured from frozen

samples drawn at enrollment and stored at −70°C. Samples were analyzed using a

commercially available immunoassay from Roche Diagnostics Corporation (Roche

Diagnostic Elecsys proBNP Assay, Indianapolis, Indiana, USA).20 Diabetes mellitus was

defined as a fasting glucose ≥126 mg/dL or use of diabetic medications. Family history of

myocardial infarction was determined as occurrence in any first-degree relative (parent,

sibling, child).
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Hemodynamic Measurements

Radial arterial waveform recordings were obtained at the baseline visit in the supine

position. In all study centers, thirty-seconds of data was recorded using the HDI/PulseWave-

CR2000 tonometry device (Hypertension Diagnostics, Eagan, Minnesota) and digitized at

200 Hz for offline processing. Custom-designed software was written in MatLab (The

Mathworks, Natick, Massachusetts) for analysis of waveforms and to generate an averaged

waveform for each individual. A generalized transfer function was subsequently applied to

radial artery pressure waveforms to arrive at the central pressure waveform.21 All pressure

waveforms were visually inspected by an investigator (JAC) for quality and physiologic

consistency. We excluded averaged waveforms that met any of the following criteria: (1) A

non-physiologic appearance (usually from bigeminy, trigeminy, or contamination of the

signal average by aberrantly recorded complexes); (2) Cardiac cycle duration variation

≥10%; (3) Pulse height (beat-to-beat pulse pressure) variation ≥20%; (4) Less than 10

adequately recorded cycles available for signal averaging. In addition, we excluded cases in

which clear identification of key landmark points in the pressure waveform, required for

wave separation using an averaged physiologic flow approach, was not possible.

The same physiologic flow waveform was applied to each individual’s central pressure

waveform to separate the forward-traveling (Pf) and backward-traveling (reflected) (Pb)

waves, as previously described in detail.22 RM was calculated as:

Assessment of Subclinical Atherosclerosis

Trained technicians performed B-mode ultrasound of both common carotid arteries.

Maximum common carotid intima-media thickness (IMT) was calculated as the mean of the

maximum IMT of the near and far walls bilaterally.23 Coronary artery calcium (CAC) was

measured using computed tomography and referenced to a phantom of known calcium

concentration that was included in the field of view. Each participant was scanned twice to

determine the average phantom-adjusted Agatson score.23 During these scans, calcification

within the thoracic aorta was also measured and quantified as for CAC.24 The ankle brachial

index (ABI) was determined for each lower extremity using a hand-held Doppler probe. The

numerator was set as the higher of the two pressures between the dorsalis pedis and posterior

tibial arteries for each leg. The denominator was the higher brachial artery pressure between

both arms. The lower ABI of the two lower extremities was recorded for each patient.25, 26

Statistical Methods

Baseline characteristics of the cohort are presented as mean±standard deviation (SD) or as

medians with interquartile ranges as appropriate. The cohort was divided into quintiles based

on RM and Pb. Kaplan-Meier mortality curves were generated and assessed using the log-

rank test. We used Cox proportional hazards modeling to assess the relationship between

reflection magnitude and mortality. Unadjusted Cox proportional hazards models were built

to assess the risk increase for all-cause mortality, cardiovascular mortality, and non-
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cardiovascular mortality, per 10% change in RM. Additional models were then constructed

with increasing adjustments for potential confounders. In addition, we built models that

adjusted for the presence of subclinical atherosclerosis, assessed by a combination of

atherosclerotic markers in different vascular territories (coronary calcium score, ankle-

brachial index, common carotid intima-media thickness and ascending thoracic aortic

Agatston score). To assess whether the association between reflection magnitude and death

was independent of incident heart failure, we built models that censored participants at the

time of the first heart failure event, thereby predicting only those individuals whose death

was not preceded by clinical HF. Analogous models were also constructed for the absolute

magnitude of the forward (Pf) and backward (Pb) waves. Variables that were not normally

distributed were log transformed before entering the models if a multiplicative relationship

with mortality was present. A two-tailed Type I error rate of ≤0.05 was considered to be

statistically significant. Statistical analyses were performed using STATA 13 (StataCorp,

College Station, Texas).

Results

Baseline demographic, laboratory, anthropomorphic, and clinical data of our sample are

presented in Table 1. Of 6,336 participants who underwent radial tonometry, 5,989 cases

had reliable data for RM computations. Follow-up information on vital status was missing in

5 subjects, leaving a final cohort size of 5984 subjects.

Subjects were followed for a mean of 9.8±1.7 years (range: 62 days–11.5 years). A total of

617 deaths occurred over the follow-up period, of which 134 (22%) were adjudicated

cardiovascular deaths and 460 (75%) were non-cardiovascular (n=327); 23 (4%) deaths were

of unknown etiology. Further information regarding cause of death can be found in the

supplemental table (Table S1). Four thousand nine-hundred and forty-six (83% of the

subjects included in these analyses) had a baseline determination of NT-pro-BNP.

Reflection magnitude and mortality

Kaplan-Meier mortality curves for participants in each of the reflection magnitude quintiles

are shown in Figure 1. Mortality was significantly different among the five groups (Figure 1,

Log-rank test P=0.01).

Results of proportional hazards models for RM are shown in Table 2. In unadjusted analysis

(Model 1), each 10% increase in reflection magnitude was associated with a 31% increase in

the risk of all-cause mortality (HR=1.31; 95% CI=1.11–1.55; P=0.001). This was not

affected by adjustment for heart rate (Model 2). Similarly after additional adjustment for

demographic, clinical, laboratory data, and markers of subclinical atherosclerosis (Model 4),

including ankle-brachial index, maximum common carotid intima-media thickness, coronary

calcium Agatston score, ascending aortic Agatston calcium score, reflection magnitude

remained independently associated with all-cause mortality (HR 1.23, 95% CI 1.01–1.51,

P= 0.04). Finally, adjustment was made for NT-pro-BNP in the subset of subjects who had

levels drawn at baseline (Model 5). In this model, which included only 4005subjects, the HR

for RM did not change appreciably, although the P-value was not nominally significant (HR

1.22, 95%CI 0.98–1.52; P=0.07).
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Associations between reflection magnitude and cardiovascular and non-cardiovascular

deaths are also shown in Table 2. While the number of events was small (134 cardiovascular

deaths, 460 non-cardiovascular deaths), RM was independently associated with

cardiovascular mortality in the adjusted models. No significant relationship between RM

and non-cardiovascular mortality persisted after adjustments.

Pb vs. Pf and Mortality

Table 3 presents various models in which the backward (Pb) and forward (Pf) waves were

included as separate terms as predictors of all-cause mortality. Hazard ratios are expressed

for each 10 mmHg-increase in the amplitude of Pb and Pf. In unadjusted analyses, each 10

mmHg-increase in Pb amplitude resulted in more than a doubling of the risk for all-cause

mortality (Model 1, HR=2.02; 95%CI=1.27–3.22; P=0.003). Pb was independently

predictive of all-cause death when subsequent adjustments were performed for heart rate

(Model 2, HR=2.42; 95%CI=1.51–3.87; P<0.001), clinical, demographic, and laboratory

data (Model 3; HR=1.81; 95%CI=1.03–3.16; P=0.04), and markers of subclinical

atherosclerosis (Model 4; HR=2.18; 95% CI=1.21–3.92; P=0.009). In the subgroup of

subjects who had NT-pro-BNP drawn, Pb continued to be independently predictive of all-

cause mortality in the fully-adjusted model (Model 5; HR 2.03, 95% CI=1.08–3.81,

P=0.03). Importantly, in this model, Pf demonstrated a negative relationship with mortality

risk (HR 0.55, 95% CI=0.32–0.93, P=0.03), indicating that it is the difference between Pf

and Pb that is primarily related to mortality. Figure 2 shows mortality curves based on

quintiles of Pb; mortality rates were significantly different between groups (P<0.0001).

Models were also created for cardiovascular and non-cardiovascular mortality (Table 3).

Each 10 mm Hg increase in Pb amplitude was associated with an increased risk for

cardiovascular mortality (Model 5: HR 5.02, 95%CI 1.29–19.42, P=0.02). In the same

model, each 10 mm Hg increase in Pf was associated with a decreased risk: HR 0.25, 95%

CI=0.08–0.78, P=0.02). Interestingly, a relationship between Pb and non-cardiovascular

mortality was also evident, though non-significant in some of the adjusted models.

Heart Failure

Given the known association between reflected waves and heart failure, additional models

were created that censored individuals at the time of the development of incident heart

failure (n=208). In the adjusted model, RM was no longer predictive of total mortality (HR

1.16, 95%CI 0.94–1.44; P=0.17). Pb, on the other hand, remained significantly predictive of

all-cause mortality (HR 1.91, 95% CI 1.02–3.57, P=0.04). This relationship was attenuated

when NT-pro-BNP levels were added to the model (Each 10mm Hg increase in Pb: HR 1.72,

95%CI 0.88–3.38, P=0.11), though the power for this analysis was markedly decreased due

to the number of subjects who had NT-pro-BNP levels drawn (Table 4).

Discussion

In this study, we demonstrate that in a large multi-ethnic population of adults free of

clinically evident cardiovascular disease at baseline, RM independently predicts all-cause

mortality. Furthermore, this association is independent of the presence of subclinical
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atherosclerosis at baseline. We also demonstrate that when the forward and backward

(reflected) waves are assessed as predictors of death, Pb and Pf demonstrate opposite hazard

ratios, indicating that it is their difference (i.e., magnitude of reflected vs. forward waves)

that is primarily related to mortality. On further analyses, the relationships between RM, Pb,

and Pf were most clear in their impact on cardiovascular mortality. Finally, when subjects

who developed heart failure were censored, Pb remained predictive of all-cause mortality.

With each cardiac cycle, blood is ejected from the left ventricle into the arterial tree where

complex hemodynamic parameters regulate the rise in arterial pressure in response to the

stroke volume. As the pulse wave travels further from the heart, it encounters points of

impedance mismatch (i.e. points where the opposition to pulsatile blood flow changes).

When the forward-traveling pulse wave encounters such a site, a portion of the wave is

reflected back towards the central aorta. Reflected waves summate during transit to form a

relatively discrete composite wave arriving at the proximal aorta.27

Reflection sites along the arterial tree include arterial segments where the arterial diameter

decreases, branching points, points of turn or tortuous geometry in conduit vessels, as well

as the interfaces between large conduit vessels and the more distal muscular arteries.28

While the literature often describes the bifurcation with the iliac arteries as the main

reflection site,28 in reality, there are myriad reflection sites throughout the circulatory

system, generating many discrete waves that merge to form a discrete reflected wave.29

Therefore, RM is a composite index influenced by both central and peripheral arterial

structure and function and may represent a marker of overall arterial health. In this regard,

its relevance to human health may extend beyond its well-known effects on left ventricular

afterload, remodeling, and function.

Previously, Wang et al. studied RM in a cohort of 1,272 Taiwanese subjects followed for a

median of 15 years.16 These authors noted significant correlations between the magnitude of

the reflected wave and increased left ventricular mass, carotid intima-media thickness, and

decreased renal function. In this ethnically homogenous population, the magnitude of the

reflected wave was also associated with increased cardiovascular mortality in both men and

women. The authors conclude by stating that wave reflections may be a clinically relevant

marker of vascular aging. Our study extends this work and is novel for several additional

reasons: (1) We studied a large multi-ethnic population; (2) We assessed whether the

association between RM, Pb, and mortality is independent of subclinical atherosclerosis,

extensively assessed in multiple vascular territories (carotid intima-media thickness, ankle-

brachial index, coronary and aortic calcium); (3) We assessed whether these associations are

independent of the formerly reported association with incident heart failure.15

We found that every 10% increase in RM, defined as the ratio of the amplitude of the

backward pressure wave to the amplitude of the forward pressure wave, was associated with

a 18–32% increase in all-cause mortality, depending on the adjustments performed. This

relationship was independent of relevant baseline characteristics as well as multiple other

confounders. Importantly, we found that comprehensive adjustment for markers of

subclinical atherosclerosis in several beds did not appreciably diminish the association
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between RM and mortality, suggesting that the association between RM and death is not

mediated by atherosclerosis to any great extent.

The association between RM and mortality is partially mediated through its known strong

association with heart failure risk. This relationship is consistent with the differential impact

of late systolic load imposed on the LV by wave reflections, which has been shown to

induce LV hypertrophy, fibrosis, and myocardial dysfunction.5, 9, 12, 30, 31 Given the known

association between RM and heart failure,15 we performed additional analyses that censored

individuals who developed incident heart failure. In these models, although the relationship

between RM and total mortality was not significant, an association between Pb and mortality

persisted. Overall, these analyses suggest that additional mechanisms, beyond heart failure,

may partially underlie the relationship between reflected waves and total mortality. The

mechanism of this association remains unknown, perhaps because the parameters that

govern it remain incompletely understood.

Previous modeling studies suggest that reflection magnitude is dependent on aortic stiffness,

degree of distal aortic reflection, and peripheral resistance, rather than arterial tapering.28

These models, which assume the aorta to be uniform in its properties throughout its length

and contain a single reflector at its terminus at the bifurcation, are likely to be

oversimplified. Other factors, including alterations in aortic geometry over its length, likely

play a significant role in reflection magnitude.28 As has been suggested by other authors,

reflection magnitude and Pb may be markers of arterial health and aging.16 This notion is

supported by our study, which demonstrates an independent association between these

parameters measured at baseline and all-cause mortality over the course of approximately a

decade, even after adjustment for multiple confounders and a comprehensive assessment of

subclinical atherosclerosis in various territories utilizing currently available non-invasive

techniques.

Our study must be interpreted in the context of its strengths and limitations. Strengths of this

study include its large multi-ethnic sample, careful follow-up and detailed event

adjudication, as well as the comprehensive assessment of subclinical atherosclerosis.

Limitations of this study include the small number of deaths, thus precluding further

analysis by subgroups such as gender. In addition, we used a physiologic averaged flow

waveform for wave separation,22 rather than measured flow. This technique only

approximates true RM and likely introduced noise in our computations. This may have

underestimated the association between RM and incident risk.

Perspectives

In a large multi-ethnic population of adults free of clinically evident cardiovascular disease

at baseline, RM and Pb independently predicted all-cause mortality. This association was

independent of the presence of subclinical atherosclerosis at baseline. The association

between Pb and mortality was also independent of new-onset heart failure. RM and Pb may

thus represent overall markers of arterial health. Further studies are required to assess the

precise mechanisms behind their associations with all-cause mortality.
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Refer to Web version on PubMed Central for supplementary material.
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Novelty and Significance

1. What is new?

a. We investigated the impact of reflected waves on all-cause mortality.

b. We studied a multiethnic population, free of incident cardiovascular disease.

c. We demonstrate that the association between reflected waves and mortality is

independent of atherosclerosis.

d. The magnitude of the backward wave is likely more important than the overall

ratio.

What is relevant?

a. Reflected waves represent a novel marker of arterial health.

b. The findings help us understand the importance of the arterial system and its

function, beyond measuring blood pressure alone.

Summary

a. Reflection waves are independently associated with all-cause mortality. This

relationship persisted after adjustment for atherosclerosis.

b. The magnitude of the backward wave is associated with all-cause mortality even

after censoring individuals at the time of a first heart failure event, implying that

its association with total mortality is at least partially independent of both

atherosclerosis and heart failure.

c. Reflected waves represent an important marker of vascular health with adverse

prognostic implications.
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Figure 1.
Kaplan-Meier Mortality Curves for participants, stratified according to quintiles of reflection

magnitude.
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Figure 2.
Kaplan-Meier Mortality Curves for participants, stratified according to quintiles of Pb.
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Table 1

Baseline Demographic, Clinical, Laboratory, and Anthropomorphic Data for Study Participants

Variable Overall Population (n=5984)

Age (±SD) 61.9±10.2

Male (%) 2877 (48%)

Follow-up Years, mean±SD 9.8±1.7

Average Reflection Magnitude, mean±SD 0.84±0.05

Ethnicity (%)

 White 2247 (38%)

 Black 1630 (27%)

 Chinese 730 (12%)

 Hispanic 1382 (23%)

Body Measurements, mean±SD

 Height (cm) 166.4±10.0

 Weight (kg) 78.7±17.3

 BMI (kg/m2) 28.3±5.5

Family History of Heart Attack, n (%) 2361 (42%)

Hypertension, JNC VI Criteria, n (%) 2675 (45%)

Hypertensive Medication Use, n (%) 2217 (37%)

Systolic BP (mm Hg), mean ±SD 126.5±21.3

Diastolic BP (mm Hg), mean±SD 72.1±10.2

Heart Rate (bpm), mean±SD 64.2±10.1

Current Smoking, n (%) 2162 (36%)

Cholesterol Profile (mg/dL), mean±SD

 Total Cholesterol 194.1±35.5

 LDL Cholesterol 117.1±31.4

 HDL Cholesterol 50.8±14.7

 Triglycerides 132.0±83.1

Statin Use, n (%) 876 (15%)

Diabetes, n (%) 764 (13%)

Estimated GFR (mL/min/1.732), mean±SD 78.2±16.2

Urine Albumin (μg)/Creatinine (mg) Ratio, median (IQR) 5.3 (3.3, 10.9)

C-Reactive Protein (mg/L), median (IQR) 1.88 (0.82, 4.19)

NT-pro-BNP (pg/mL), median (IQR) 52.64 (23.39, 109.1)

Markers of Subclinical Atherosclerosis

 Ankle-Brachial Index, mean (±SD) 1.12±0.12

 Mean Agatston Coronary Calcium Score, median (IQR) 0 (0, 81.39)

 Maximum Common Carotid Intima- Media Thickness mm, mean±SD 0.87±0.19

 Ascending Aortic Agatston Calcium Score, median (IQR) 0 (0, 0)
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IQR=interquartile range; SD=standard deviation
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Table 4

Association between RM, Pb, and Pf in Models that Censor Individuals who Develop Incident Heart Failure

Variable Hazard Ratio 95% CI P-value

RM, per 10% increase

 Adjusted Model* 1.16 0.94–1.44 0.17

 Adjusted Model + NT-pro-BNP† 1.13 0.89–1.42 0.32

Pb, per 10 mm Hg increase

 Adjusted Model‡ 1.91 1.02–3.57 0.04

 Adjusted Model + NT-pro-BNP§ 1.72 0.88–3.38 0.11

Pf′, per 10 mm Hg increase

 Adjusted Model‡ 0.62 0.37–1.04 0.07

 Adjusted Model + NT-pro-BNP§ 0.62 0.35–1.09 0.10

*
Adjustment for heart rate, age, gender, ethnicity, systolic and diastolic blood pressure, eGFR, urinary albumin/Cr ratio, total cholesterol, LDL

cholesterol, HDL cholesterol, treatment with antihypertensive medications, treatment with statins, current smoking status, BMI, family history of
myocardial infarction, diabetes mellitus, C-reactive protein, highest level of education, family income, alcohol use, total calories per day, percent of
calories from fat, physical activity, ankle-brachial index, maximum common carotid intima-media thickness, mean phantom-adjusted Agatston
coronary calcium score, ascending thoracic aortic Agatston calcium score (n=4762, 406 deaths)

†
n=4005, 343 deaths

‡
Adjustment for heart rate, age, gender, ethnicity, systolic blood pressure, eGFR, urinary albumin/Cr ratio, total cholesterol, LDL cholesterol, HDL

cholesterol, treatment with antihypertensive medications, treatment with statins, current smoking status, BMI, family history of myocardial
infarction, diabetes mellitus, C-reactive protein, highest level of education, family income, alcohol use, total calories per day, percent of calories
from fat, physical activity, ankle-brachial index, maximum common carotid intima-media thickness, mean phantom-adjusted Agatston coronary
calcium score, ascending thoracic aortic Agatston calcium score (n=4762, 406 deaths)

§
n=4005, 343 deaths
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