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In-Hospital Cardiopulmonary Resuscitation of Patients With
Human Immunodeficiency Virus Infection: A Population-
Based Cohort Study of Epidemiology and Outcomes

Lavi Oud

Abstract

Background: Marked improvements were realized in both short-
term and long-term outcomes of human immunodeficiency virus
(HIV)-infected patients following the introduction of combination
antiretroviral therapy. However, the contemporary population-level
patterns of in-hospital cardiopulmonary resuscitation (CPR) and the
outcomes of HIV-infected patients were not systematically examined.

Methods: We used the Texas Inpatient Public Use Data File to iden-
tify hospitalizations aged > 18 years with and without HIV during
2009 - 2014, and those in each group who have undergone in-hospital
CPR. Short-term survival (defined as absence of hospital mortality or
discharge to hospice) following in-hospital CPR was examined. Mul-
tivariate logistic regression modeling was used to assess the prognos-
tic impact of HIV infection following in-hospital CPR and predictors
of short-term survival among HIV hospitalizations.

Results: In-hospital CPR was reported in 437 and 54,135 hospitali-
zations with and without HIV, respectively. The rates of in-hospital
CPR (per 1,000 hospitalizations) were 4.4 and 4.1 among hospitali-
zations with and without HIV, respectively (P = 0.1659). The cor-
responding rates of in-hospital CPR among decedents were 11% and
11.8%, respectively (P = 0.1531). Crude short-term survival follow-
ing in-hospital CPR among hospitalizations with and without HIV
was 19% and 26.8%, respectively (P = 0.0003). The corresponding
adjusted short-term survival between 2009 and 2014 rose from 14.2%
to 27% (P = 0.0009 for trend) and from 25.5% to 28% (P < 0.0001
for trend). HIV infection was associated with lower odds of short-
term survival following in-hospital CPR (adjusted odds ratio (aOR):
0.50, 95% confidence interval (95% CI): 0.39 - 0.65). Select comor-
bid conditions (congestive heart failure, aOR: 2.03, 95% CI: 1.20 -
2.46; cerebrovascular disease, aOR: 2.08, 95% CI: 1.15 - 3.75; and
diabetes, aOR: 1.53, 95% CI 1.31 - 4.71) were the only independent
predictors of short-term survival following in-hospital CPR among
HIV hospitalizations.
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Conclusions: The rates of in-hospital CPR were similar among hos-
pitalizations with and without HIV infection, with similar level of
selectivity among decedents. Although HIV infection was associated
with lower short-term survival following in-hospital CPR for the
whole cohort, a dramatic improvement was observed during the study
period among affected patients, with short-term survival rates becom-
ing near-similar to those without HIV. Further studies are needed to
identify modifiable factors to further improve the outcomes following
in-hospital CPR among patients with HIV infection.
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Introduction

The long-term outlook for patients infected with human immu-
nodeficiency virus (HIV) has been transformed over the past
decades, following the introduction of combined antiretroviral
therapy (cART) in the mid-1990s, from a consistently rapidly
fatal disease to a chronic, manageable illness. As a result, peo-
ple living with HIV can reach near-normal long-term survival
in developed countries [1]. Concurrently, the rates of hospi-
talization [2, 3] and hospital mortality [4] have progressively
decreased over time among HIV-infected patients. In addition,
the short-term prognosis among those requiring admission to
the intensive care unit (ICU) became similar to that of criti-
cally ill patients in the general population [5, 6].

However, it is unclear whether the abovementioned gains
in short-term outcomes in the HIV-infected population extend
to those following cardiopulmonary resuscitation (CPR) for in-
hospital cardiac arrest. Hospital survival following in-hospital
CPR has been progressively improving in the general popula-
tion [7-9]. However, reports on the corresponding epidemiol-
ogy and outcomes among hospitalized HIV-infected patients
have been rare. Survival following CPR for in-hospital cardiac
arrest has been remarkably poor in the early years following
discovery of HIV, with 2.3% of patients surviving to hospital
discharge in a single-center study and CPR in these patients
has been considered potentially futile [10]. A recent multicent-
er study in France reported 25.5% short-term mortality among
HIV-infected patients following in-hospital CPR, and HIV
infection was not associated with adverse impact on survival
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[11]. However, the investigators did not describe the rates of
in-hospital CPR, and combined patients with out-of-hospital
and in-hospital CPR in their reporting on patients’ characteris-
tics and modeling of survival [11]. Finally, the temporal trends
of patients’ survival were not examined.

An analysis of the patterns of CPR utilization following in-
hospital CPR among HIV-infected patients and the outcomes
among the latter is important to better understand the current
burden of this complication, for development of preventive
and interventional programs to improve patient outcomes and,
importantly, to inform clinicians’ decision-making and discus-
sions with patients and their surrogates about goals of care.

Here, we report a population-based study of hospitalized
patients with and without HIV designed to: 1) examine the com-
parative patterns of utilization of in-hospital CPR and its associ-
ated outcomes, overall and over time; 2) characterize the patients
undergoing in-hospital CPR; and 3) determine the prognostic
impact of HIV infection following in-hospital CPR and the fac-
tors associated with short-term survival among those with HIV.

Materials and Methods

This was a retrospective, population-based cohort study. Be-
cause we used a publicly available, de-identified data set, the
study was determined to be exempt from formal review by
the Texas Tech Health Sciences Center’s Institutional Review
Board. A detailed description of the study methodology is in-
cluded in the Supplementary Material 1 (www.jocmr.org). This
cohort study adheres to the Strengthening the Reporting of
Observational Studies in Epidemiology (STROBE) reporting
guidelines [12].

Data sources and study population

We used the Texas Inpatient Public Use Data File (TIPUDF),
an administrative data set maintained by the Texas Department
of State Health Services [13]. The TIPUDF includes approxi-
mately 97% of hospital discharges in the state and its charac-
teristics were previously described [14].

We initially extracted data on all patients aged > 18 years,
who were hospitalized between the years 2009 and 2014. We
then identified among these hospitalizations those with a di-
agnosis of HIV and further identified, among the latter, hos-
pitalizations with in-hospital CPR. This latter group formed
the primary analytic cohort. A diagnosis of HIV was based on
the presence of International Classification of Diseases, Ninth
Revision, Clinical Modification codes (ICD-9) 042, 079.53,
795.71, and V08 in the principal or secondary diagnosis fields.
These codes were used in prior studies of HIV in administra-
tive data [15-17]. CPR was identified based on the presence
of ICD-9 codes 99.60 or 99.63 [8, 18]. Hospitalizations with a
principal diagnosis of cardiac arrest (ICD-9 code 427.5), ven-
tricular fibrillation (ICD-9 code 427.41) or ventricular flutter
(ICD-9 code 427.42) were excluded.

In order to identify secular trends not captured through
analysis of the primary cohort, we anchored the data to similar-
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aged hospitalizations during 2009 - 2014 without a diagnosis
of HIV who had in-hospital CPR. In addition, we have exam-
ined all hospitalizations aged > 18 years during the years 2009
- 2014 with and without a diagnosis of HIV and those who died
during hospitalization within each group to estimate the annual
rates of in-hospital CPR among all hospitalizations and among
hospital decedents.

Outcomes

The co-primary outcomes were rates of in-hospital CPR
among all hospitalizations with and without HIV and rates of
short-term survival among hospitalizations with in-hospital
CPR. We defined short-term survival as that of hospitalizations
without in-hospital death or discharge to hospice.

The secondary outcomes included: 1) overall and over time
rates of in-hospital CPR among all hospitalizations with and
without HIV who died in the hospital; and 2) overall and over
time short-term survival among those with and without shock-
able rhythm, and hospital disposition of those without in-hospi-
tal death or discharge to hospice, both among hospitalizations
with and without HIV who have undergone in-hospital CPR.

Study variables

Study variables were selected based on clinical plausibility
and prior reports [4, 8, 18]. The abstracted variables included:
1) demographics (age, gender, race/ethnicity, and health insur-
ance); 2) comorbid conditions, based on the Deyo modification
of the Charlson comorbidity index [19]; 3) admission during
the weekend (vs. during weekdays); 4) presence of a shockable
rhythm (ICD-9 codes 427.41 or 427.42) [8, 20] (these codes
were reported to have positive predictive values between 74%
[21] and 100% [22] in administrative data); 5) number of fail-
ing organs [23]; 6) sepsis; 7) hospitals’ teaching status; 8) hos-
pital disposition; and 9) year of admission.

Data analysis

Categorical variables were summarized as frequencies and
percentages, and continuous variables were reported as means
(standard deviation (SD)). Group comparisons were per-
formed using Chi-square test for categorical variables and ¢-
test or Mann-Whitney test for continuous variables. We used
hospitalizations as the unit of analysis because the TIPUDF
does not identify individual patients and thus does not capture
repeated hospitalizations.

In order to provide further anchoring context to the trends
of outcome trajectories between hospitalizations with and
without HIV who had in-hospital CPR, we examined their re-
spective temporal trends of the burden of chronic illness and
illness severity using the Deyo comorbidity index and the
number of failing organs, respectively, as proxy measures.

Temporal trends of the primary and secondary outcomes
were examined using weighted least square regression, with
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calendar year as predictor. Modeled findings are reported as
average annual percent change (AAPC) and 95% confidence
intervals (95% CI). All temporal analyses were carried out
separately for hospitalizations with and without HIV. Com-
parison of regression slopes was performed using the methods
described by Armitage et al [24].

We estimated the risk-adjusted of short-term survival fol-
lowing in-hospital CPR among hospitalizations with and with-
out HIV using empirical Bayesian posterior estimates from
multivariate logistic regression models for each (see modeling
approach below) and then derived the corresponding annual
rates of short-term survival.

A multivariate logistic regression model was fitted to es-
timate the association between HIV as independent predictor
and short-term survival following in-hospital CPR as depend-
ent variable. Predictors with P < 0.1 on univariate logistic re-
gression were considered for multivariate analysis, following
examination for multicollinearity. Candidate predictor covari-
ates were then entered into the model using backward stepwise
selection. Results of the multivariate models were expressed as
adjusted odds ratio (aOR) and their 95% CI.

The potential predictors of short-term survival following
in-hospital CPR among hospitalizations with HIV were exam-
ined using multivariate logistic regression modeling, employ-
ing the approach described above for the whole cohort.

Data analyses were carried out on MedCalc version 17.5.5
(MedCalc Software, Ostend, Belgium). A two-sided P value <
0.05 was considered statistically significant.

Results

The total number of hospitalizations with and without HIV
during the study period was 99,657 and 13,192,847, respec-
tively. There were 3,125 in-hospital deaths among hospitaliza-
tions with HIV and 286,173 deaths among those without HIV,
corresponding hospital mortality rates of 3.1% and 2.2%, re-
spectively. The details of the annual hospitalization volumes
and the corresponding hospital mortality of all hospitalizations
with and without HIV are provided (Supplementary Material
2, www.jocmr.org). Hospital mortality did not change signifi-
cantly over time in either group (AAPC (95% CI): +4.4 (-9.9
to +1.1); P = 0.0922 for hospitalizations with HIV and 0 (-1.8
to +1.8); P=1.000 for hospitalizations without HIV).

Utilization of in-hospital CPR, patient characteristics, and
short-term survival

There were 54,572 hospitalizations with in-hospital CPR during
the study period, of which 437 were with a diagnosis of HIV
and 54,135 without HIV. The characteristics of these hospitali-
zations are detailed in Table 1. In-hospital CPR was reported
among hospitalizations with and without HIV in 4.4 and 4.1 per
1,000 hospitalizations, respectively (P = 0.1659) and in 11.0%
vs. 11.8%, respectively, among hospital decedents (P = 0.1531).

The short-term survival following in-hospital CPR
was markedly lower among hospitalizations with HIV than
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among those without HIV (19.0% vs. 26.8%, respectively;
P = 0.0003). When stratified by the presence or absence of a
shockable rhythm, short-term survival was similar between
the two groups among hospitalizations with HIV (19.4% vs.
19.0%, respectively; P=0.9576), while being markedly higher
among those with shockable rhythm among hospitalizations
without HIV (36.2% vs. 25.5%, respectively; P <0.0001).

Temporal trends among hospitalizations with in-hospital
CPR

The temporal patterns of the rates of in-hospital CPR, presence
of a shockable rhythm, and related short-term survival among
hospitalizations with and without HIV are described in Table
2. The details of the annual volumes of corresponding strata
are provided (Supplementary Material 2, www.jocmr.org). The
temporal trends of risk-adjusted short-term survival following
in-hospital CPR among hospitalizations with and without HIV
are presented in Figure 1.

The annual rates of in-hospital CPR remained unchanged
among hospitalizations with HIV, while rising on average by
2.7%/year among those without HIV. Similarly, the annual rates
of in-hospital CPR among hospital decedents remained un-
changed among hospitalizations with HIV, while rising slightly,
but statistically significantly, among those without HIV. How-
ever, there has been no significant difference in the slopes of
the rates of in-hospital CPR over time between those with and
without HIV infection for the whole cohort or among decedents
(P values for slope comparisons: P = 0.1181 and P =0.3312, re-
spectively).

The crude short-term survival following in-hospital CPR
rose among hospitalizations with or without HIV, but did not
reach statistical significance among the latter (Table 2). Simi-
larly, the risk-adjusted short-term survival following in-hospital
CPR improved among hospitalizations with and without HIV.
However, the pace of improvement was greater in the HIV
group vs. those without HIV (Fig. 1), increasing between 2009
and 2014 from 14.2% to 27.0%, respectively, as compared with
25.5% vs. 28.0%, respectively. The Deyo comorbidity index
and the number of organ failures rose progressively over the
study period among hospitalizations with and without HIV who
have undergone in-hospital CPR, though the rise of the Deyo
comorbidity index was not statistically significant among those
with HIV. However, there was no difference between the slopes
of either measure between hospitalizations with and without
HIV (Supplementary Material 3, www.jocmr.org).

The annual rates of discharge to hospice following in-hos-
pital CPR remained unchanged among hospitalizations with
HIV (AAPC =+57.5, (95% CI: -15.9 to +130.1); P = 0.0952),
while rising 5.9%/year among those without HIV (95% CI: 2.8
t0 9.0; P=10.0064).

Predictors of short-term survival

The predictors of short-term survival following in-hospital
CPR for the whole cohort and among hospitalizations with
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Table 1. The Characteristics of Hospitalizations With In-Hospital Cardiopulmonary Resuscitation, With and Without HIV

Variables HIV (n =437) Non-HIV (n = 54,135) P
Age, years (%) <0.0001
18 -44 200 (45.8) 5,407 (10.0)
45 -64 202 (46.2) 18,183 (33.6)
>65 5(8.0) 30,545 (56.4)
Gender®
Female NA 23,251 (46.7) NA
Race/ethnicity (%) <0.0001
White 89 (20.4) 27,144 (50.1)
Hispanic 78 (17.8) 11,471 (21.2)
Black 247 (56.5) 10,284 (19.0)
Other 18 (4.1) 4,617 (8.5)
Missing 5(1.1) 619 (1.1)
Health insurance (%) <0.0001
Private 93 (21.3) 14,448 (26.7)
Medicare 143 (32.7) 29,831 (55.1)
Medicaid 120 (27.5) 3,780 (7.0)
Uninsured 78 (17.8) 5,207 (9.6)
Other 3(0.7) 774 (1.4)
Missing NA 95(0.2)
Deyo comorbidity index? 6.1 (2.1) 2.6 (2.3) <0.0001
Selected comorbidities
Myocardial infarction 59 (13.5) 14,372 (26.5) <0.0001
Congestive heart failure 113 (25.9) 22,204 (41.5) <0.0001
Cerebrovascular disease 29 (6.6) 6,056 (11.2) 0.0026
Renal disease 155 (35.5) 18,376 (33.9) 0.5027
Liver disease 104 (23.8) 9,130 (16.9) 0.0001
Diabetes 80 (18.3) 20,883 (38.6) <0.0001
Malignancy 47 (10.8) 6,029 (11.3) 0.8005
Teaching hospital 163 (37.3) 13,973 (25.8) <0.0001
Sepsis 324 (74.1) 30,454 (56.3) <0.0001
Number of organ failures 2.9(1.4) 2.6 (1.4) <0.0001
Weekend admission 109 (24.9) 12,452 (23) 0.3370
Shockable rhythm 31(7.1) 6,468 (11.9) 0.0018
Hospital disposition
Death 343 (78.5) 37,841 (69.9) 0.0001
Hospice 11 (2.5) 1,769 (3.3) 0.3790
Home 39 (8.9) 6,254 (11.6) 0.0867
Another hospital 22 (5.0) 5,570 (10.3) 0.0003
Nursing facility 15(3.4) 2,379 (4.4) 0.3280

HIV: human immunodeficiency virus; SD: standard deviation. 2Gender is not reported for HIV hospitalizations and was reported in 49,777 hospitali-
zations without HIV; the percent figure for gender among the latter refers to that column’s denominator for gender. PMMean (SD). Percentage figures
may not add to 100 due to rounding.
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Table 2. Temporal Changes Among Hospitalizations With In-Hospital Cardiopulmonary Resuscitation, With and Without HIV

Category Year AAPC (95% CI) P
2009 2010 2011 2012 2013 2014
Rate of CPR (all)?
HIV 4.8 4.8 4.7 33 4.9 3.9 -3.8 (-14.4 to +6.8) 0.3769
Non-HIV 3.9 3.9 4 4.2 43 44 2.7 (1.9 t0 3.5) 0.0009
CPR among decedents (%)P
HIV 11.4 11.7 12.4 8.1 12.5 9.6 -3.1 (-15.1 to +8.8) 0.5104
Non-HIV 12.9 12.7 13.2 13.5 13.3 13.5 1.1(0.1t02.1) 0.0376
Shockable rhythm (%)
HIV 10.1 3.9 7.9 1.8 9.8 7.4 -0.8 (-50.7 to +49.1) 0.967
Non-HIV 11.1 11.8 11.4 12.4 11.8 12.9 2.4(0.01 to 4.7) 0.0483
Short-term survival (%)°
All
HIV 12.7 14.3 18.4 23.6 25.6 20.6 12.6 (1.8 to 23.4) 0.0315
Non-HIV 24.8 26.6 26 28 27.8 27.2 1.9 (-0.2 t0 4.0) 0.0654
Shockable rhythm
HIV 12.5 333 33.3 100 12.5 0 -74.2 (-101.5 to +73.5)  0.2354
Non-HIV 36.4 36.1 34.7 36.9 39.1 36.8 1.6 (-1.6 to +3.9) 0.307
Non-shockable rhythm
HIV 12.7 13.5 17.1 22.2 27 20.6 13.6 (2.6 to 24.6) 0.0263
Non-HIV 234 254 25 26.8 26.4 25.8 -1.3 (-8.2to +5.7) 0.6359

AAPC: average annual percent change; 95% Cl: 95% confidence interval; HIV: human immunodeficiency virus. 2Rate of cardiopulmonary resusci-
tation per 1,000 hospitalizations among all hospitalizations within a specific stratum. PPercent of cardiopulmonary resuscitation among all patients
who died in the hospital within a specific stratum. °Short-term survival was defined as that of hospitalizations without in-hospital death or discharge
to hospice.
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Figure 1. Temporal trends of risk-adjusted short-term survival following in-hospital cardiopulmonary resuscitation. Short-term
survival is defined as that of hospitalizations without in-hospital death or discharge to hospice. Hospitalizations with HIV are
represented by box markers, and those without HIV are represented by diamond markers. Short-term survival estimates were
adjusted for age, race/ethnicity, health insurance, Deyo comorbidity index, myocardial infarction, cerebrovascular disease, dia-
betes, weekend admission, sepsis, shockable rhythm, number of organ failures, and year of admission. HIV: human immunode-
ficiency virus; 95% Cl: 95% confidence interval; AAPC: average annual percent change.
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Table 3. Univariate and Multivariate Logistic Regression Analysis of Predictors of Short-Term Survival Among All Hospitalizations
With In-Hospital Cardiopulmonary Resuscitation

Variables Unadjusted odds ratio (95% CI) P Adjusted odds ratio (95% CI) P
Age (years)
18 - 44 Reference Reference
45 - 64 0.92 (0.85-0.97) 0.005 0.81 (0.76 - 0.87) <0.0001
> 65 0.67 (0.63 - 0.72) <0.0001 0.53 (0.49 - 0.57) <0.0001
Race/ethnicity
White Reference Reference
Hispanic 0.91 (0.86 - 0.95) 0.0001 0.90 (0.86 - 0.95) 0.0001
Black 0.87 (0.83 - 0.92) <0.0001 0.86 (0.82-0.91) <0.0001
Other 0.97 (0.90 -1.04) 0.3318 NA
Health insurance
Private Reference Reference
Medicare 0.77 (0.74 - 0.81) <0.0001 0.86 (0.81 - 0.90) <0.0001
Medicaid 0.94 (0.86 - 1.01) 0.1033 NA
No insurance 0.72 (0.66 - 0.77) <0.0001 0.67 (0.63 - 0.73) <0.0001
Other 0.85(0.72-1.01) 0.0538 NA
HIV 0.64 (0.50 - 0.81) 0.0003 0.50 (0.39 - 0.65) <0.0001
Deyo comorbidity index 0.94 (0.93 - 0.95) <0.0001 0.95(0.92-0.97) <0.0001
Myocardial infarction 1.17 (1.12 - 1.22) <0.0001 1.13 (1.08 - 1.18) <0.0001
Congestive heart failure 1.36 (1.31 - 1.41) <0.0001 NA
Cerebrovascular disease 1.16 (1.09 - 1.23) <0.0001 1.19 (1.12 - 1.27) <0.0001
Diabetes 1.50 (1.41 - 1.61) 0.0047 1.32 (1.23 - 1.42) <0.0001
Malignancy 0.35 (0.31 - 0.40) <0.0001 NA
Sepsis 0.87 (0.83 - 0.90) <0.0001 0.84 (0.77 - 0.92 <0.0001
Weekend admission 0.89 (0.86 - 0.94) <0.0001 0.93 (0.90 - 0.98) 0.01
Teaching hospital 0.99 (0.95 - 1.03) 0.6078 NA
Number of organ failures 0.88 (0.87 - 0.90) <0.0001 0.86 (0.85 - 0.88) <0.0001
Shockable rhythm 1.65 (1.56 - 1.74) <0.0001 1.58 (1.50 - 1.68) <0.0001
Year of admission 1.02 (1.01 - 1.04) <0.0001 1.03 (1.02 - 1.04) <0.0001

HIV: human immunodeficiency virus; 95% CI: 95% confidence interval.

HIV are described in Tables 3 and 4, respectively.

HIV infection was associated with 50% lower odds of
short-term survival following in-hospital CPR on adjusted
analysis. Among hospitalizations with HIV who had in-hos-
pital CPR, only congestive heart failure, cerebrovascular dis-
ease, diabetes, and the year of admission were independent
predictors, and were associated with higher odds of short-term
survival. The predictors of short-term survival following in-
hospital CPR among hospitalizations without HIV are detailed
(Supplementary Material 4, www.jocmr.org).

Discussion

The patterns of utilization of in-hospital CPR among HIV-

infected patients have not been systematically examined, and
the outcomes of affected patients have not been widely re-
ported. In this population-based study, in-hospital CPR was
used in 4.4 per 1,000 HIV-infected hospitalizations and in
one in nine HIV-infected decedents, with both rates being
similar to their counterparts without HI'V. Short-term survival
following in-hospital CPR was markedly lower among HIV-
infected hospitalizations and HIV infection was associated
with lower survival. However, short-term survival follow-
ing in-hospital CPR rose rapidly among HIV-infected hospi-
talizations, reaching near-similar rates on adjusted analyses
by the end of the study period. No modifiable factors were
identified on examination of predictors of short-term survival
following in-hospital CPR among HIV-infected hospitaliza-
tions.
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Table 4. Univariate and Multivariate Logistic Regression Analysis of Predictors of Short-Term Survival Following In-Hospital Cardio-

pulmonary Resuscitation Among Hospitalizations With HIV

Variables Unadjusted odds ratio (95% CI) P Adjusted odds ratio (95% CI) P
Health insurance
Private Reference Reference
Medicare 2.11 (1.07 - 4.16) 0.0300 1.58 (0.93 - 2.69) 0.0896
Medicaid 1.19 (0.57 - 2.50) 0.633 NA
No insurance 0.73 (0.30 - 1.80) 0.5033 NA
Other 0.52 (0.37-3.09) 0.9983 NA
Deyo comorbidity index 0.86 (0.73 - 0.92) 0.0397 NA
Congestive heart failure 3.14 (1.90 - 5.18) <0.0001 2.03 (1.20 - 3.46) 0.0084
Cerebrovascular disease 1.69 (1.15 -3.73) 0.0074 2.08 (1.15 - 3.75) 0.0148
Diabetes 4.56 (1.55 - 13.40) 0.0057 1.53 (1.31-4.71) 0.0195
Teaching hospital 1.54 (0.95 - 2.50) 0.0771 NA
Year of admission 1.16 (1.02 - 1.33) 0.0336 1.13 (1.07 - 1.31) 0.0251

HIV: human immunodeficiency virus; 95% CI: 95% confidence interval.

Relationship to prior studies

This study provides, to our knowledge, the first population-level
examination the cross-sectional and longitudinal patterns of CPR
utilization for in-hospital cardiac arrest among HIV-infected pa-
tients. Our finding of similar rates of in-hospital CPR among
hospitalizations with and without HIV may suggest that both
patients (and their surrogates) and physicians do not consider in-
hospital CPR a futile intervention among the former, given the
overall marked improvement in the longevity of patients with
HIV. The similar rates of in-hospital CPR among decedents with
and without HIV infection indicate comparative level of selec-
tivity in using in-hospital CPR and further support this postulate.

Short-term survival following in-hospital CPR was over
eight times higher in the present study as compared to that re-
ported in the early years following identification of HIV (19%
vs. 2.3% [10]), though still markedly lower than that among
contemporary non-HIV hospitalizations. The factors underly-
ing the worse outcome among the former are unclear. Some
of the potential contributors to the lower short-term survival
among those with HIV infection include higher burden of
chronic illness, higher severity of illness, and higher rates of
sepsis; and possibly differences in the proximal causes of re-
suscitated in-hospital cardiac arrest may have differed between
those with and without HIV. However, while plausible, the
abovementioned potential factors do not adequately explain
the overall survival gaps, given the temporal trends in short-
term survival (see further discussion below).

Similarly, the markedly lower frequency of a shockable
rhythm among the HIV-infected hospitalizations does not ex-
plain their survival gap since short-term survival was similar
regardless of presence or absence of a shockable rhythm, in
contrast with the well-documented prognostic advantage of a
shockable rhythm in the general population [8, 9].

HIV infection was independently associated with 50%
lower odds of short-term survival following in-hospital CPR,
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as compared to those without HIV, contrasting with finding of
lack of association of HIV infection with post-CPR survival in
a recent study by Mongardon and colleagues [11]. However,
the latter study, analyzing the outcomes of only 28 HIV-infect-
ed patients, combined the outcomes of patients with out-of-
hospital and in-hospital cardiac arrest; and the patient mix and
processes of care may have differed between the two studies.

Despite the overall lower short-term survival following in-
hospital CPR among HIV hospitalizations, a key finding of the
present study is the dramatic, 12%/year, rise in risk-adjusted
short-term survival in this group, becoming by the end of the
study period near-similar to that of hospitalizations without
HIV (27% vs. 28%, respectively). This rapid improvement,
compared to the much slower pace (1.8%/year) among hos-
pitalizations without HIV, took place despite similar rise over
time in illness severity in both groups. The sources of the rapid
improvement in the short-term survival among HIV-infected
hospitalizations in the preset study cannot be directly deter-
mined from the administrative data. Improvements in post-
CPR care in general would be expected to be slower than those
observed in the present study. Alternatively, it is possible that
the rising use of cART [25] has contributed to the improved
short-term survival among HIV-infected hospitalizations that
had undergone in-hospital CPR. The latter factor would be
expected to improve hospital mortality among all HIV hospi-
talizations and those with in-hospital CPR. However, hospital
mortality remained unchanged over time among all HIV hos-
pitalizations during the study period, thus casting doubt on the
magnitude of the contribution of increased cART use.

The short-term survival following in-hospital CPR among
HIV-infected hospitalizations in the present study was mark-
edly lower than that reported by Mongardon et al (19% vs.
25.5% [11], respectively). However, there are several major
differences in the design and reporting between the two studies
that likely contributed to the reported survival gap. First, the
cohort in the latter study was restricted to ICU-treated patients.
Thus, patients who were not admitted to ICU following in-
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hospital CPR or did not have a return of spontaneous circu-
lation were not included. Second, the investigators restricted
their outcome reporting to ICU mortality. Together, these fac-
tors have likely resulted in overestimation of survival, as com-
pared to the all-inclusive design of the present study and use of
hospital death or discharge to hospice as the primary survival
outcome. Finally, as noted earlier, the patient characteristics
and process of care may have differed between the two studies.

A striking finding of the present study was the markedly
limited number of factors that were independently associated
with short-term survival following in-hospital CPR among
hospitalizations with HIV, in contrast to their non-HIV coun-
terparts. Specifically, commonly impactful sociodemographic
factors (e.g., age, race/ethnic, health insurance), the number
of failing organs, and sepsis no longer affected HIV-infected
patients’ short-term survival following CPR for in-hospital
cardiac arrest. The factors underlying these latter observations,
likely substantially driven by peri-arrest pathobiology of HIV-
infected patients warrant further study.

Implications of study findings

The dramatic improvement of short-term survival following
in-hospital CPR among HIV-infected patients in the present
study suggests that it is reaching parity with post-CPR out-
comes in the general population, in line with the gains made
in all HIV hospitalizations and those with critical illness. The
comparable level selectivity in utilization of in-hospital CPR
among decedents with and without HIV indicates that clini-
cians and, by extension, HIV-infected patients and their surro-
gates generally view the potential benefits of in-hospital CPR
similarly to those without HIV infection.

Identifying potentially modifiable prognostic factors may
further improve the outcomes of HIV-infected patients under-
going in-hospital CPR. However, the lack of such identifiable
factors in the present study, and specifically, lack of prognostic
impact of factors such as race/ethnicity, the type of health insur-
ance, or sepsis, poses a challenge to implementation of workable
preventive and interventional efforts in this population. Further
studies, using more granular data, are needed to better under-
stand the unique factors precipitating in-hospital cardiac arrest
among HIV-infected patients who undergo CPR, as well as the
corresponding CPR- and post-CPR processes of care.

Our finding of temporally divergent trajectories of dis-
charge to hospice among hospitalizations with and without
HIV who had in-hospital CPR underscores the need for cau-
tion when interpreting the longitudinal patterns of hospital
mortality-based outcomes in the general population and in
comparative population studies, given the dynamic changes in
illness complexity and discharge practices.

Study strengths and limitations

The present study is the largest to date on in-hospital CPR
among HIV-infected patients. The use of a statewide, all-payer,
high-quality data set of consecutive hospitalizations allowed

240 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

transcending of local variations in case mix and practice pat-
terns. In addition, the larger number of hospitalizations permit-
ted more comprehensive examination of the spatial and tempo-
ral aspects of the epidemiology and outcomes of HIV-infected
patients following in-hospital CPR.

Nevertheless, the study has several important limitations, in
addition to those noted earlier, related mostly to its retrospective
design and use of administrative data. First, use of administra-
tive data may have led to misclassification of some of the exam-
ined hospitalizations. However, similar approach was used in
prior other epidemiological studies [8, 15, 16]. Second, although
we adjusted for a broad array of patient- and hospital-level co-
variates, the dataset did not include information on the duration
of HIV infection, use of cART, control of HIV replication, CD4*
T-cell counts, the hospital setting of cardiac arrest (e.g., general
wards vs. monitored beds, or ICU) or, as noted earlier, the pro-
cesses of care during and following CPR. Thus, residual con-
founding cannot be excluded. Last, it is unknown whether our
observations reflect those in other states or nationally.

Conclusions

In-hospital CPR was utilized at similar rates among hospitali-
zations with and without HIV infection. Although HIV infec-
tion was associated with worse outcomes, a dramatic improve-
ment of short-term survival following in-hospital CPR was
observed among hospitalizations with HIV, nearly matching
the survival of those without HIV by the end of the study pe-
riod. Additional studies are warranted to identify modifiable
factors to inform future efforts to improve the outcomes of
HIV-infected patients undergoing in-hospital CPR.
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