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BACKGROUND
The incidence of sudden cardiac death and sudden death caused by arrhythmia, as 
determined by autopsy, in persons with human immunodeficiency virus (HIV) 
infection has not been clearly established.

METHODS
Between February 1, 2011, and September 16, 2016, we prospectively identified all 
new deaths due to out-of-hospital cardiac arrest among persons 18 to 90 years of 
age, with or without known HIV infection, for comprehensive autopsy and toxico-
logic and histologic testing. We compared the rates of sudden cardiac death and 
sudden death caused by arrhythmia between groups.

RESULTS
Of 109 deaths from out-of-hospital cardiac arrest among 610 unexpected deaths in 
HIV-positive persons, 48 met World Health Organization criteria for presumed 
sudden cardiac death; of those, fewer than half (22) had an arrhythmic cause. A 
total of 505 presumed sudden cardiac deaths occurred between February 1, 2011, 
and March 1, 2014, in persons without known HIV infection. Observed incidence 
rates of presumed sudden cardiac death were 53.3 deaths per 100,000 person-years 
among persons with known HIV infection and 23.7 deaths per 100,000 person-
years among persons without known HIV infection (incidence rate ratio, 2.25; 95% 
confidence interval [CI], 1.37 to 3.70). Observed incidence rates of sudden death 
caused by arrhythmia were 25.0 and 13.3 deaths per 100,000 person-years, respec-
tively (incidence rate ratio, 1.87; 95% CI, 0.93 to 3.78). Among all presumed sudden 
cardiac deaths, death due to occult drug overdose was more common in persons 
with known HIV infection than in persons without known HIV infection (34% vs. 
13%). Persons who were HIV-positive had higher histologic levels of interstitial 
myocardial fibrosis than persons without known HIV infection.

CONCLUSIONS
In this postmortem study, the rates of presumed sudden cardiac death and myo-
cardial fibrosis were higher among HIV-positive persons than among those with-
out known HIV infection. One third of apparent sudden cardiac deaths in HIV-
positive persons were due to occult drug overdose. (Supported by the National 
Heart, Lung, and Blood Institute.)
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Human immunodeficiency virus 
(HIV) infection is associated with in-
creased risk of acute myocardial infarc-

tion,1 heart failure,2 and ischemic stroke.3 In 
2012, we reported that in San Francisco County, 
California, the rate of sudden cardiac death, as 
defined by the World Health Organization 
(WHO), was 4.5 times as high among HIV-posi-
tive persons as among persons without known 
HIV infection,4 but postmortem data were not 
available.

We recently reported the results of the Post-
mortem Systematic Investigation of Sudden Car-
diac Death (POST SCD) study, a prospective, 
countywide postmortem study performed with 
the use of medical examiner data to ascertain 
the precise incidence and underlying cause of all 
deaths due to out-of-hospital cardiac arrest and 
deaths presumed to be sudden cardiac deaths 
(as defined by the WHO) in San Francisco 
County. We found that just over half (55.8%) 
were sudden deaths from arrhythmia, as deter-
mined by autopsy.5 In the current study (HIV 
POST SCD), we sought to determine the under-
lying causes of all presumed sudden cardiac 
deaths and the precise incidence of sudden death 
caused by arrhythmia in HIV-positive persons 
and to compare these data with those in the 
countywide population without known HIV in-
fection. Using postmortem myocardial tissue 
specimens, we also evaluated the extent of fibro-
sis to characterize the underlying histologic 
substrate for sudden death caused by arrhythmia 
among HIV-positive persons.

Me thods

Inclusion Criteria and Selection of Cases  
for Postmortem Investigation

All deaths due to out-of-hospital cardiac arrest 
occurring in San Francisco County between Feb-
ruary 1, 2011, and September 21, 2016, in HIV-
positive persons 18 to 90 years of age were 
included.6 The study was approved by the Uni-
versity of California, San Francisco, institutional 
review board, with additional approval by insti-
tutional review boards at all 10 hospitals (ex-
cluding children’s hospitals) and 3 emergency 
medical services (EMS) agencies in San Francisco 
County to obtain medical records. Informed 

consent was obtained from family members for 
postmortem examinations.

We defined deaths due to out-of-hospital car-
diac arrest as deaths for which the EMS primary 
impression (the assessment by emergency re-
sponders of the cause) was cardiac arrest,7 in-
cluding deaths occurring in the field or hospital 
emergency department if the event was wit-
nessed or resuscitation was performed and un-
witnessed deaths without resuscitation if the 
person was last seen alive and symptom-free 
within 24 hours before death.8 Persons who were 
resuscitated and survived to hospital admission 
were considered to be survivors of cardiac arrest 
and were excluded from our study.9 HIV status 
was ascertained by means of countywide medi-
cal record review, with a single positive sero-
logic test for HIV antibodies required to estab-
lish the diagnosis.

We excluded from our study deaths of per-
sons with severe noncardiac chronic or terminal 
illness (e.g., metastatic cancer); patients receiv-
ing dialysis; hospice residents; persons with 
identifiable noncardiac causes of death at pre-
sentation, including evidence of drug use noted 
at the scene of death, life-threatening trauma, 
homicide, or suicide; and persons who had been 
hospitalized within 30 days before cardiac arrest 
for a noncardiac illness or surgical procedure. 
Details of inclusion and exclusion criteria are 
provided in the protocol, available with the full 
text of this article at NEJM.org.

Postmortem Investigation and Adjudication 
of Causes of Death

For all deaths due to out-of-hospital cardiac 
arrest as defined above, we reviewed all premor-
tem medical records, investigator reports (in-
cluding scene investigations and witness and 
family interviews), EMS records, prescriptions, 
and postmortem findings. In addition, a com-
plete external and internal postmortem exami-
nation was performed for all deaths due to out-
of-hospital cardiac arrest, excluding those for 
which the family did not provide consent. All 
postmortem examinations were performed by a 
single board-certified forensic pathologist (the 
second author), who examined all cavities, or-
gans, and tissues, and included detailed heart 
and brain examinations and vitreous chemical 
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analyses.10 (Details of autopsy procedures are 
provided in the Supplementary Appendix, avail-
able at NEJM.org.) Toxicology screening was 
performed for all persons 75 years of age or 
younger and for persons older than 75 years 
of age for whom there was no obvious cause of 
death (e.g., acute myocardial infarction, intra-
cranial hemorrhage, or pulmonary embolus) on 
gross examination at autopsy. For patients with 
permanent pacemakers or implantable cardio-
verter–defibrillators (ICDs), device interrogation 
was performed.11

The primary objective of the postmortem in-
vestigation was to adjudicate a single final cause 
of death for each case. In addition, we sought to 
identify deaths that met WHO criteria for pre-
sumed sudden cardiac death (sudden unexpected 
death within 1 hour after symptom onset if the 
death was witnessed, or within 24 hours after 
the person was observed to be alive and symp-
tom-free if the death was unwitnessed).8 We also 
sought to identify persons who died suddenly 
from arrhythmia, as determined by autopsy 
(sometimes termed “autopsy-defined sudden 
arrhythmic death”), who might have been able 
to be rescued with an ICD. These included per-
sons who had no obvious nonarrhythmic cause 
of death such as acute cerebrovascular accident, 
viscus perforation, tamponade, pulmonary em-
bolism, occult drug overdose or lethal levels of 
substances (as shown on a toxicology screening 
test), or acute heart failure with pulmonary 
edema. We followed standard forensic toxicolo-
gy protocol in determining occult overdose as a 
cause of death, requiring findings of lethal se-
rum levels of a drug in the absence of other 
pathological findings that could explain sudden 
death.12,13

To determine total mortality in the county 
and identify potential missing cases, we re-
trieved and reviewed all county death certifi-
cates quarterly for location, cause of death stated 
on the death certificate, and circumstances of 
death and cross-checked death certificate data 
with cases obtained through medical examiner 
surveillance.

Histologic Analyses for Myocardial Fibrosis

Samples of myocardium for histologic screening 
were obtained from five standard locations: the 

interventricular septum, posterobasal wall, lat-
eral wall, mid-anterior left ventricular free wall, 
and right ventricular free wall. An extra section 
of the high septum was also obtained for histo-
logic examination of the conduction system. 
Histologic sections were stained with hematoxy-
lin and eosin and with Masson’s trichrome and 
independently examined by two pathologists (the 
second and fifth authors). Fibrosis scores were 
quantified by means of digital image analysis.

Statistical Analysis

We used U.S. Census data to estimate person-
years at risk, both overall and by age, sex, and 
race or ethnic group. Specifically, for person-
years at risk in the reference population of 
persons without evidence of HIV infection, we 
summed the census population numbers for 
2011, 2012, and 2013 for San Francisco residents 
18 to 90 years of age, subtracted one twelfth the 
numbers for 2011 and added one sixth the num-
bers for 2014 to account for the period of the 
study from February 1, 2011, to March 1, 2014, 
and subtracted the estimated person-years at 
risk among HIV-positive persons in this period. 
Person-years at risk among HIV-positive resi-
dents of the county were estimated as the prod-
uct of the average HIV-positive population size, 
obtained from the San Francisco HIV Epidemiol-
ogy Annual Report,14 and the length of follow-up 
(in months) from February 1, 2011, to Septem-
ber 21, 2016.

We estimated incidence rates for presumed 
sudden cardiac death and sudden death from 
arrhythmia by calculating the ratio of the num-
bers of events to the numbers of person-years at 
risk. We compared incidence rates according to 
HIV status, both overall and within subgroups 
according to age, sex, and race or ethnicity, us-
ing unadjusted Poisson regression models with 
robust standard errors, with numbers of deaths 
as the outcome and the log of person-years at 
risk as an offset. Analyses were performed with 
the use of Stata software, version 15.1 (Stata-
Corp). Summary statistics are reported as point 
estimates and 95% confidence intervals without 
P values. The widths of the confidence intervals 
have not been adjusted for multiplicity; thus, 
inferences drawn from these intervals may not 
be reproducible.
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We estimated differences in fibrosis scores by 
HIV status using linear models for log-trans-
formed scores, adjusting for age, sex, and pres-
ence or absence of congestive heart failure, 
coronary artery disease, and cardiomyopathy. 
Coefficient estimates were back-transformed to 
obtain between-group percentage differences. 
Calculations of person-years at risk, incidence 
rates, and linear models are provided in the 
Supplementary Appendix.

R esult s

Study Population and Presumed Sudden 
Cardiac Deaths

Between February 1, 2011, and September 21, 
2016, a total of 1379 deaths among HIV-posi-
tive persons 18 to 90 years of age occurred in 
San Francisco County. Of these deaths, 610 
were unexpected deaths reported to the medi-
cal examiner. After reviews of EMS records and 
scene investigations, 109 of the 610 unexpected 
deaths were determined to be due to out-of-
hospital cardiac arrest and were referred for 
protocol postmortem investigation (Fig. 1). The 
family of one person declined to consent to an 
autopsy; therefore, 108 persons (99%) under-
went autopsy.

Adjudication of EMS reports and other medi-
cal records showed that 61 of the 109 deaths did 
not meet WHO criteria for presumed sudden 
cardiac death (i.e., they were not sudden or un-
expected). Thus, we identified 48 presumed sud-
den cardiac deaths among HIV-positive persons 
(47 who underwent autopsy and 1 for whom 
autopsy was declined) over 68 months, for a 
countywide incidence of 54.5 per 100,000 per-
son-years, accounting for 3.5% of the total mor-
tality among HIV-positive persons (48 of 1379 
deaths). Of the 48 presumed sudden cardiac 
deaths, 12 (25%) were witnessed.

The mean age of the 47 HIV-positive persons 
with presumed sudden cardiac death who un-
derwent autopsy was 54.6 years; 94% were men 
and 77% were White (Table 1). The persons who 
were HIV-positive were younger and more likely 
to be male and White than the 505 persons in 
the reference group with presumed sudden car-
diac death but without known HIV infection (as 
reported in the POST SCD study).5

Causes of Sudden Death, as Determined  
by Autopsy

Among the 47 HIV-positive persons with pre-
sumed sudden cardiac death who had postmor-
tem data, sudden deaths from arrhythmia, as 
determined by autopsy, accounted for 47% (Ta-
ble 2, and Fig. S1 in the Supplementary Appen-
dix), noncardiac causes accounted for 51%, and 
one death (2%) was due to a cardiac nonarrhyth-
mic cause (acute myocardial infarction with wall 
rupture). The most common overall cause of 
presumed sudden cardiac death among HIV-
positive persons was occult drug overdose, 
which accounted for one third of cases (16 of 48 
deaths); for all 16 of these deaths, the primary 
EMS impression was cardiac arrest without evi-
dence or suspicion of drug use at the scene. Le-
thal levels of methamphetamines, alcohol, and 
opiates were the most common causes. Other 
leading causes were coronary artery disease 
(23%), cardiomyopathy (11%), hypertrophy (6%), 
and renal failure (6%).

The proportion of presumed sudden cardiac 
deaths attributed to arrhythmic causes among 
HIV-positive persons was similar to that in the 
reference group without known HIV infection 
(47% of the 47 presumed sudden cardiac deaths 
among HIV-positive persons and 56% of the 505 
presumed sudden cardiac deaths in the reference 
group) (Table 2), including similar proportions 
attributed to coronary artery disease, hypertro-
phy, and cardiomyopathy. However, occult over-
doses were more than twice as common among 
HIV-positive persons as among persons in the 
reference group.

Incidence Rates in Persons with HIV vs. 
Persons Without Known HIV Infection

The observed incidence rate for presumed sud-
den cardiac death among HIV-positive persons 
was 53.3 deaths per 100,000 person-years, as 
compared with 23.7 deaths per 100,000 person-
years in the reference group (incidence rate ratio, 
2.25; 95% confidence interval [CI], 1.37 to 3.70). 
The observed incidence rates for sudden death 
from arrhythmia, as determined by autopsy, 
were 25.0 deaths per 100,000 person-years 
among HIV-positive persons and 13.3 deaths per 
100,000 person-years in the reference group (in-
cidence rate ratio, 1.87; 95% CI, 0.93 to 3.78) 
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610 Unexpected deaths of HIV-positive
persons 18 to 90 yr of age were

reported to the medical examiner

1379 Deaths occurred among HIV-positive
persons in San Francisco County

(February 1, 2011, to September 21, 2016)

769 Were expected or inpatient
deaths and were not reported

to the medical examiner

1 Was in an HIV-positive person
with presumed SCD (according to

WHO criteria), without autopsy

61 Were nonsudden deaths
27 Had evidence of overdose noted 

at the scene of death
10 Were in persons not seen for

 >24 hr before death
11 Were in persons who were not

symptom-free or who had recently
reported symptoms

11 Were in persons with end-stage
disease or in hospice

2 Occurred in context of a DNR
order or decline of treatment

Death certificate review

109 Unexpected deaths of HIV-positive
persons from out-of-hospital cardiac

arrest were referred for autopsy

501 Were not caused by out-of-hospital
cardiac arrest

138 Were in inpatients
151 Were in persons with end-stage

disease or in hospice
44 Had evidence of overdose

noted at the scene of death
96 Were in persons not seen for

>24 hr before death
10 Were suicides
23 Were homicides
8 Were related to trauma
3 Were related to recent serious

diagnosis
26 Were in persons who were not

symptom-free or who had
recently reported symptoms

2 Occurred in context of a DNR
order or decline of treatment 

108 Persons underwent autopsy

47 Were confirmed by adjudication to be
presumed SCDs (according to WHO criteria)

in HIV-positive persons

EMS report and medical examiner
scene investigation

Comprehensive
records review

Adjudication

Deaths from out-of-hospital cardiac arrest

Deaths not from out-of-hospital cardiac arrest

Presumed SCDs, according to WHO criteria
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(Fig. 2). The incidence of presumed sudden 
cardiac death was higher among HIV-positive 
women than among women in the reference 
group (incidence rate ratio, 3.93; 95% CI, 1.07 
to 14.44), but it should be noted that all three 
cases of sudden cardiac death in HIV-positive 
women were due to noncardiac causes (two oc-
cult overdoses and one intracranial hemor-
rhage). The incidence of presumed sudden car-
diac death was higher among HIV-positive 
Whites than among Whites in the reference 
group (incidence rate ratio, 2.29; 95% CI, 1.12 
to 4.69) but was not found to be increased 
among Black or Hispanic persons who were 
HIV-positive.

Effect of Medical History

The mean CD4 count in HIV-positive persons 
with presumed sudden cardiac death was 475 
cells per cubic millimeter, and 79% of those 
persons were receiving antiretroviral therapy 
(Table S1). Among persons with presumed 
sudden cardiac death, those who were HIV-
positive were more likely than persons in the 
reference group to have a psychiatric diagno-
sis (57% vs. 27%) and were also more likely to 
have a history of alcohol or drug use. The 
prevalence of previous myocardial infarction, 
hypertension, diabetes, heart failure, dyslipid-
emia, and chronic renal insufficiency was simi-
lar in the two groups. Additional details re-
garding all 47 HIV-positive cases are provided 
in Table S2.

Comparison of Cardiac Pathological  
and Histologic Features

Measurements of the left ventricle in persons 
with presumed sudden cardiac death were simi-
lar in the HIV-positive group and the reference 
group. Persons in the reference group were more 
likely to have evidence of myocardial infarction 
(Table S3).

Tissue samples for quantitative histologic 
analysis were obtained from 24 HIV-positive 
persons and 164 persons in the reference group. 
The total burden of myocardial fibrosis (ex-
pressed as mean percent fibrosis) was higher in 
HIV-positive persons (Fig. 3). This difference in 
myocardial fibrosis burden in HIV-positive per-
sons as compared with the reference group was 
found in cases of presumed sudden cardiac 
death (mean percent fibrosis, 12.5% vs. 8.7%), 
sudden death from arrhythmia (13.8% vs. 9.7%), 
and death from nonarrhythmic causes (11.3% 
vs. 7.0%). The burden of interstitial fibrosis, but 
not replacement fibrosis, was higher among 
HIV-positive persons.

Discussion

The HIV POST SCD study was a prospective 
postmortem evaluation of all incident deaths at-
tributed to out-of-hospital cardiac arrest among 
HIV-positive persons from February 1, 2011, 
through September 21, 2016, in San Francisco 
County. We compared these data with those 
from the previously reported POST SCD study5 
of out-of-hospital cardiac arrests in persons 
without known HIV infection; autopsy adjudica-
tion was used in both studies. In both groups, 
approximately half the cases of presumed sud-
den cardiac death were sudden death from ar-
rhythmic causes. However, occult drug over-
doses were more than twice as common in the 
HIV-positive group as in the reference group of 
persons without known HIV infection. Observed 
incidence rates of presumed sudden cardiac 
death were higher among HIV-positive persons. 
Moreover, among persons with presumed sud-
den cardiac death and sudden death from ar-
rhythmia, as determined by autopsy, the burden 
of total and interstitial myocardial fibrosis was 
higher among HIV-positive persons than among 
persons in the reference group. We did not find 

Figure 1 (facing page). Identification of HIV-Positive 
Persons with Presumed Sudden Cardiac Death.

Cases of presumed sudden cardiac death (SCD) among 
persons with known human immunodeficiency virus 
(HIV) infection were identified through active medical 
examiner surveillance of all out-of-hospital cardiac ar-
rests among all out-of-hospital deaths in San Francisco 
County from February 1, 2011, through September 21, 
2016. Out-of-hospital cardiac arrest was defined as an 
event for which the primary impression of emergency 
medical services (EMS) responders was cardiac arrest. 
Presumed sudden cardiac death was defined according 
to World Health Organization (WHO) criteria. Persons 
who were not symptom-free when last seen alive or who 
had recently reported symptoms were not considered 
to meet criteria for presumed sudden cardiac death. 
DNR denotes do not resuscitate.
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a greater incidence of sudden death from ar-
rhythmia among HIV-positive persons than 
among persons in the reference group.

In the general population, coronary artery 
disease has been presumed to be responsible for 
the majority of sudden cardiac deaths defined by 
conventional criteria (i.e., without postmortem 
validation). However, in POST SCD, we reported 
that as shown by autopsy, coronary artery dis-
ease accounted for only one third of all pre-
sumed sudden cardiac deaths.5 In the present 
study, only 23% of presumed sudden cardiac 
deaths were due to coronary artery disease. 
Thus, although incidences of acute myocardial 
infarction and other structural heart disease 
may be elevated in the context of HIV infection, 
they do not appear to underlie the higher inci-
dence of sudden deaths that we observed among 
HIV-positive patients.

In our 2012 study, we reported a mean inci-
dence of sudden cardiac death in HIV-positive 
persons that was more than 4.5 times as high as 
that in the general population.4 However, it is 
likely that some sudden cardiac deaths in that 
study, and indeed in all studies adjudicating sud-
den cardiac deaths without autopsy, were actu-
ally noncardiac deaths, since approximately half 
of sudden deaths,5 regardless of HIV status, were 
found to be noncardiac on postmortem investi-
gation. Thus, our study shows the importance of 
rigorous phenotyping of sudden cardiac death to 
establish the underlying mechanism. Indeed, we 
found that the most common cause of presumed 
sudden cardiac death in HIV-positive persons 
was actually drug overdose, which highlights the 
role of noncardiac causes of sudden death in this 
context.

We found a higher incidence of interstitial 

Table 1. Demographic Characteristics of the Study and Reference Populations.*

Characteristic

Sudden Cardiac 
Deaths, HIV-Positive 

Persons†  
(N = 47)

Nonsudden Deaths 
from Out-of-Hospital 
Cardiac Arrest, HIV-
Positive Persons†  

(N = 61)

Sudden Cardiac 
Deaths, Reference 

Group‡ 
(N = 505)

Adult Population of 
San Francisco County, 

2014§ 
(N = 717,884)

Persons with HIV 
in San Francisco County, 

2014¶ 
(N = 15,979)

Age — yr

Mean 54.57±10.27 50.81±11.62 63.04±14.48 45.43±17.76 51.16±11.34

Range 23–75 21–77 18–92 18–90 18–80

Male sex — no. (%) 44 (94) 49 (80) 344 (68) 364,799 (51) 14,722 (92)

Race or ethnic group 
— no. (%)‖

Asian 0 2 (3) 110 (22) 236,902 (33) 904 (6)

Black 9 (19) 19 (31) 75 (15) 43,073 (6) 2014 (13)

Hispanic 2 (4) 6 (10) 38 (8) 107,682 (15) 2894 (18)

White 36 (77) 32 (52) 267 (53) 294,332 (41) 9708 (61)

Other 0 1 (2) 15 (3) 35,894 (5) 459 (3)

Unknown — 1 (2) — — —

*  Plus–minus values are means ±SD.
†  Included are deaths among persons with known human immunodeficiency virus (HIV) infection that occurred from February 1, 2011, to 

September 21, 2016.
‡  Included are sudden cardiac deaths among persons without known HIV infection that occurred from February 1, 2011, to March 1, 2014.  

In 28 cases, HIV status was presumed to be negative owing to missing medical records; however, the age, sex, and race or ethnic group  
of the 28 persons were known and are reported. The categories of data that are missing for the 28 persons are shown in Table S1.

§  Data are from American Community Survey.15

¶  Data are from the San Francisco Department of Public Health Population Health Division.16

‖  Race or ethnic group was determined by review of medical records.
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cardiac fibrosis among HIV-positive persons than 
among persons without known HIV infection. 
Magnetic resonance imaging of the hearts of 
persons who are HIV-positive (but asymptom-
atic) shows a higher incidence of myocardial fi-
brosis, as assessed by late gadolinium enhance-
ment,17 and decreased cardiac function. Late 
gadolinium enhancement is also higher in per-
sons with nonischemic dilated cardiomyopathy 
and in survivors of cardiac arrest and is an inde-
pendent prognostic factor for all-cause mortality 
beyond ejection fraction.18 Our finding provides 
histologic confirmation of these radiologic stud-
ies and links myocardial fibrosis to sudden 
death from arrhythmia in persons with HIV in-
fection.

Chronic inflammation and immune activa-
tion are present in patients with HIV infection, 
including those receiving antiretroviral therapy, 
and inflammatory and coagulation markers are 
strongly predictive of death,19,20 of illness unre-
lated to acquired immunodeficiency syndrome,21 
and of cardiovascular events.22 Inflammation and 
immune activation may underlie the increased 
cardiac fibrosis we observed in the case of sud-
den deaths in persons with HIV infection. Al-
though myocardial infarction, hypertension, 
heart failure, and valvular disease are common 
causes of cardiac fibrosis,23 the proportions of 
persons with these conditions were similar in 
cases of sudden death in the group with known 
HIV infection and the group without known HIV 
infection, which suggests that other HIV-spe-
cific factors contribute to myocardial fibrosis. 
Furthermore, in persons who were HIV-positive, 
we observed a greater incidence of interstitial 
fibrosis, rather than the replacement fibrosis 
commonly attributed to coronary artery disease. 
Fibrosis of other organs, including lymph 
nodes,24,25 adipose tissue,26 and liver,27-29 has been 
described in the context of HIV.

Our study has some important limitations. 
Although this case series includes all deaths that 
occurred countywide during the study period, all 
cases come from a single setting with a distinc-
tive population and disease characteristics that 
may not apply in other settings. The number of 
sudden cardiac deaths was small enough that 
our estimates of incidence rates are not highly 
precise (as indicated by the wide confidence in-

tervals). As a consequence, we were not able to 
show a higher incidence rate for sudden death 
from arrhythmia among HIV-positive persons, 
although the point estimate for the incidence 
rate ratio (1.87) suggests the possibility of such 
an effect. In addition, our findings apply to only 

Table 2. Causes of Presumed Sudden Cardiac Deaths, as Determined  
by Autopsy.*

Cause
HIV-Positive  

(N = 47)
Reference  
(N = 505)

number (percent)

Cardiac, arrhythmic cause 22 (47) 284 (56)

Acute coronary artery disease 2 (4) 51 (10)

Chronic coronary artery disease 9 (19) 111 (22)

Cardiomyopathy 5 (11) 50 (10)

Hypertrophy 3 (6) 43 (9)

Primary electrical disease 2 (4) 7 (1)

Mitral valve prolapse 1 (2) 2 (0.4)

Other 0 20 (4)

Cardiac, nonarrhythmic cause 1 (2) 22 (5)

Acute MI with wall rupture 1 (2) 12 (2)

Acute MI with pump failure 0 4 (1)

Chronic heart failure 0 5 (1)

Pericarditis with bacterial pericardial 
effusion and tamponade†

0 1 (0.2)

Noncardiac 24 (51) 199 (39)

Aortic dissection 0 14 (3)

Aspiration or asphyxia 0 5 (1)

Occult overdose 16 (34) 64 (13)

Gastrointestinal cause 1 (2) 14 (3)

Hypoglycemia, hyperglycemia,  
or DKA

1 (2) 9 (2)

Infection 2 (4) 21 (4)

Intracranial hemorrhage 1 (2) 18 (4)

Other neurologic 0 11 (2)

Pulmonary embolism 0 19 (4)

Renal failure 3 (6) 5 (1)

Other noncardiac 0 19 (4)

*  DKA denotes diabetic ketoacidosis and MI myocardial infarction.
†  This event occurred in a 66-year-old White female smoker who was found un-

responsive 10 hours after she was last seen (at that time without symptoms). 
The autopsy revealed pericarditis with bacterial pericardial effusion and tam-
ponade, severe pulmonary edema, pleural adhesions and effusions, and acute 
inflammation of the left ventricular septum.
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the 3.5% of all deaths that met the criteria for 
presumed sudden cardiac death.

In this prospective countywide postmortem 
investigation of all deaths attributed to out-of-
hospital cardiac arrest, we found a higher inci-

dence of presumed sudden cardiac death among 
persons with known HIV infection than among 
persons without known HIV infection. Intersti-
tial myocardial fibrosis was also more extensive 
in HIV-positive persons. One third of apparent 

Figure 2. Incidence Rates for HIV-Positive Persons and the Reference Population.

Observed incidence rates per 100,000 person-years are shown for persons with presumed sudden cardiac death and sudden death from 
arrhythmia, as determined by autopsy, in San Francisco County from February 1, 2011, to September 21, 2016, for HIV-positive persons 
and from February 1, 2011, to March 1, 2014, for persons in the reference population. The percentages within the bars are the percent-
ages of persons with presumed sudden cardiac death whose deaths were from arrhythmia. Total, sex-specific, and race or ethnic group–
specific incidence rate ratios for presumed sudden cardiac death and sudden death from arrhythmia are shown. Confidence intervals for 
incidence rates and incident rate ratios are 95% confidence intervals, except those for HIV-positive incidence rates for presumed sudden 
cardiac deaths among Asian and Other populations and confirmed sudden death from arrhythmia among Female, Asian, Hispanic, and 
Other population groups, which are one-sided 97.5% confidence intervals.
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sudden cardiac deaths among HIV-positive per-
sons were due to occult drug overdose.
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Figure 3. Quantitative Histologic Analysis of Cardiac Fibrosis.

Shown are trichrome-stained sections of the left ventricle in persons with HIV infection and persons in the reference group (persons 
without known HIV infection) with sudden death from arrhythmia and sudden death from nonarrhythmic causes. Cases analyzed are 
those for which consent was obtained from the family of the deceased person. Cases with histologic data as compared with all cases of 
presumed sudden cardiac death (with respect to demographics, premortem conditions, and final causes of death) are shown in Table S4. 
For each set of fibrosis data, overall mean (±SD) and percent difference values are shown according to group (HIV-positive group or 
 reference group) and according to cause of presumed sudden cardiac death (arrhythmic or nonarrhythmic), as determined by autopsy. 
Total fibrosis data include interstitial, perivascular, and replacement fibrosis from the standardized right ventricular free wall; and septal, 
anterior, inferior, and lateral left ventricular free-wall areas. Samples stained with Masson’s trichrome were assigned fibrosis scores 
quantified by means of digital image analysis with the use of the Aperio ImageScope (Leica Biosystems) Positive Pixel Count algorithm 
calibrated for hue and color saturation thresholds of Masson’s trichrome staining. Scores are reported as a percentage of total slide 
 tissue area from all available sections. Differences in fibrosis scores by HIV status were estimated with the use of linear models for log-
transformed scores, with adjustment for age, sex, and presence or absence of congestive heart failure, coronary artery disease, and car-
diomyopathy. Coefficient estimates were back-transformed to obtain between-group percentage differences.
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