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Aims

Methods
and results

New-onset atrial fibrillation (NOAF) is common in patients treated on an intensive care unit (ICU), but the long-term
impacts on patient outcomes are unclear. We compared national hospital and long-term outcomes of patients who de-
veloped NOAF in ICU with those who did not, before and after adjusting for comorbidities and ICU admission factors.

Using the RISK-II database (Case Mix Programme national clinical audit of adult intensive care linked with Hospital
Episode Statistics and mortality data), we conducted a retrospective cohort study of 4615 patients with NOAF and
27 690 matched controls admitted to 248 adult ICUs in England, from April 2009 to March 2016. WWe examined in-hos-
pital mortality; hospital readmission with atrial fibrillation (AF), heart failure, and stroke up to 6 years post discharge; and
mortality up to 8 years post discharge. Compared with controls, patients who developed NOAF in the ICU were at a
higher risk of in-hospital mortality [unadjusted odds ratio (OR) 3.22, 95% confidence interval (Cl) 3.02-3.44], only par-
tially explained by patient demographics, comorbidities, and ICU admission factors (adjusted OR 1.50, 95% Cl 1.38—
1.63). They were also at a higher risk of subsequent hospitalization with AF [adjusted cause-specific hazard ratio
(aCHR) 5.86, 95% CI 5.33-6.44], stroke (aCHR 1.47, 95% Cl 1.12-1.93), and heart failure (aCHR 1.28, 95% CI 1.14—
1.44) independent of pre-existing comorbidities.

Patients who develop NOAF during an ICU admission are at a higher risk of in-hospital death and readmissions to hos-
pital with AF, heart failure, and stroke than those who do not.
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Graphical Abstract
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Baseline characteristics and outcomes of patients in intensive care with new-onset atrial fibrillation compared with patients without atrial

fibrillation.
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Introduction

Atrial fibrillation (AF) is common in patients treated on an intensive
care unit (ICU)." Atrial fibrillation occurring in patients with no prior
AF diagnosis (new-onset AF, NOAF) is associated with increased
ICU and hospital mortali‘cy.z‘3 The longer-term outcomes for pa-
tients who develop NOAF during an ICU admission are unclear.

Atrial fibrillation during critical illness is triggered and main-
tained by multiple factors involving comorbidities and acute illness
severity.“’5 Many patients may return to sinus rhythm during reso-
lution of their illness.*” However, the risks of AF recurring after
ICU discharge and the associated sequelae (e.g. stroke) are un-
clear. There is some evidence that NOAF that develops during
hospitalization is associated with a higher risk of future episodes
of AF, stroke,® and readmission to hospital.” Outcomes for pa-
tients who develop NOAF during an ICU admission require fur-
ther study. There is no strong evidence to guide NOAF
treatment during ICU admission or after ICU discharge.'®"?
Consequently, current practice varies considerably, particularly
in the use of anticoagulation.?

This study aimed to compare the outcomes of patients who devel-
oped NOAF during an ICU admission to patients without AF.

Atrial fibrillation e Intensive care e Epidemiology e Critical care o Cohort studies

Methods

Data sources

We published the protocol prior to analysis'* and report according to
the Reporting of studies Conducted using Observational Routinely col-
lected Data (RECORD) guidelines.'”® We analysed patient records
from the Risk-Il database of anonymized, linked, routinely collected
data from (i) the Case Mix Programme (CMP) national clinical audit of
adult intensive care,'® (i) Hospital Episode Statistics (HES) for England
—Admitted Patient Care,"” and (iii) the Office for National Statistics
(ONS) mortality databases.

Case Mix Programme data are collected for the purpose of service evalu-
ation and quality improvement in critical care. The CMP includes admission
records for each participating adult high dependency or ICU in England,
Wales, or Northern Ireland.’® Not all ICUs participated during the study
period though coverage reached 100% in the final year. The CMP was
used to identify the study cohort, extract patient demographics, and provide
dates for the start and end of hospital admission and critical care.

Hospital Episode Statistics data are collected for the purpose of reim-
bursing National Health Service (NHS) hospitals for provision of services.
The HES ‘Admitted Patient Care’ section contains records for each ‘epi-
sode of care’ under one consultant during a hospital admission. The
HES Admitted Patient Care database includes all NHS hospital
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admissions with associated diagnostic and procedure coding. We used
the diagnostic coding to identify AF during or prior to ICU admission; co-
morbidities recorded in the index or prior hospitalizations; and subse-
quent hospitalizations with AF, stroke, or heart failure.

The ONS mortality database contains information on all deaths regis-
tered in the UK and was used to identify mortality after hospital
discharge.

The anonymized Risk-Il database is maintained by the Intensive Care
National Audit and Research Centre (ICNARC) and includes links to
HES and ONS by NHS Digital using a deterministic algorithm that uses
patients’ NHS number (a unique patient identifier), date of birth, post-
code, and sex. The RISK-Il database was generated under HRA approval
15-WA-0256, allowing secondary analysis of the anonymized data.

Participants

The Risk-Il database includes CMP records from 1 April 2009 to 31
March 2016, HES records from 1 April 2004 to 31 March 2016, and
ONS records from 1 April 2009 to 31 October 2018. We excluded ad-
missions to cardiothoracic ICUs but did not exclude patients treated for
cardiac conditions on general ICUs. We also excluded admissions lasting
<4 h, and patients aged under 16 at the time of ICU admission.

Identification of atrial fibrillation
Codes used for identifying diagnoses are summarized in Supplementary
material online, Table S1.

Pre-existing AF was identified where a HES record containing a diag-
nostic code for AF preceded an ICU admission (CMP record). This in-
cluded all HES records from previous hospital admissions and any care
episodes that preceded ICU admission. Additionally, if any HES record
relating to the same hospital admission contained a procedure code
for atrial ablation, pacemaker insertion, or direct current cardioversion,
then AF was classified as pre-existing.

We defined NOAF as AF occurring during an ICU admission when a
new diagnosis of AF was contained within a HES record that overlapped
in time with a CMP record, in the absence of pre-existing AF.

For some patients, overlaps between CMP and HES records created
uncertainty about whether AF developed prior, during, or after ICU ad-
mission. Rules for handling these ambiguities are summarized in
Supplementary material online, Table S2. Where there was ambiguity
about whether AF developed prior to or during ICU admission, we as-
sumed that AF developed prior. Where there was ambiguity about
whether AF developed during or after ICU admission (but while in hos-
pital), these patients were excluded from the primary analysis. We con-
ducted a sensitivity analysis including the latter group of patients; the
primary analysis therefore favoured specificity, whereas our sensitivity
analysis adopted broader criteria for classifying NOAF.

Outcomes

Date and cause of death were obtained from ONS and status at hospital
discharge from CMP. Subsequent deaths were classified as 1-90 days, 91
days to 1 year, or >1 year after hospital discharge. Hospital readmission
involving AF, ischaemic stroke, or heart failure was identified from diag-
nosis codes (see Supplementary material online, Table S7) in linked HES
records. Matching of patients on calendar month of admission and use of
time-to-event analysis with censoring of patients at the end of the rele-
vant data set’s observation window (see below), allowed for patients to
be followed for up to 8 years (mortality) or 6 years (hospital readmis-
sion) post-discharge.

Comorbidities

Comorbidities were identified from HES records prior to ICU admission
that contained a diagnosis code for diabetes mellitus, hypertension,
thromboembolism (including stroke), valvular heart disease, dilating car-
diomyopathy, pulmonary hypertension, or heart failure (see
Supplementary material online, Table S1).

Selection of matched controls

To align different observational windows and the associated varying de-
grees of follow-up, we created a control cohort, matched to our NOAF
cohort on hospital, month, and year of admission to ICU. Control pa-
tients were selected from all available ICU admissions with no evidence
of pre-existing or new-onset AF in their linked HES records. Matching
was performed to maximize the size of the control cohort while ensuring
that at least 99% of patients with NOAF were included.

Statistical analysis
We estimated odds ratios (ORs) for hospital mortality using logistic re-
gression. We estimated hazard ratios (HRs) for mortality after hospital
discharge using Cox proportional hazard regression. For subsequent
hospitalization with AF, stroke, and heart failure, we estimated unadjust-
ed and adjusted cause-specific HRs (CHRs) using non-parametric meth-
ods to account for the competing risk of death.'®"? Each of these models
were estimated before and after adjustment for age, sex, and comorbid-
ities. We additionally adjusted mortality outcomes for ICU admission fac-
tors. These included illness severity as measured by a modified ICNARC
physiology score® with heart rate contribution removed, cardiopulmon-
ary resuscitation prior to admission, admission type, and reason for ICU
admission. The proportional hazard assumption was tested by visual in-
spection of Schoenfeld residual plots. Age was modelled continuously
using a restricted cubic spline.?’

Results for the primary analysis were compared with a sensitivity ana-
lysis employing the broader definition for NOAF, as detailed in
Supplementary material online, Table S2.

Results

We identified 965 576 admissions to 248 ICUs in England between
April 2009 and March 2016, comprising 800 590 individual patients.
After excluding admissions to cardiothoracic units, admissions lasting
<4 h, or where admission age was <16 years, 841005 admissions
from 241 ICUs were available for analysis.

Of these admissions, we identified 4615 patients with NOAF
along with 27 690 matched controls for the primary analysis. For
our sensitivity analysis, we identified 8145 patients with NOAF along
with 48 870 matched controls (Figure 1).

On average, patients who developed NOAF were older, with a
greater number of previous hospitalizations involving hypertension,
heart failure, or valvular heart disease. They were less likely to be
elective/scheduled surgical admissions, and appeared sicker on aver-
age, with higher ICNARC physiology scores (Table 1).

Median follow-up time was 2.8 years (interquartile range 1.3—4.6
years) from ICU admission. Kaplan—Meier survival plots for each out-
come are illustrated in Figures 2 and 3. Compared with controls, pa-
tients with NOAF had an elevated risk of death in hospital
[unadjusted OR 3.22, 95% confidence interval (Cl) 3.02-3.44] and
during the first 90 days after hospital discharge (unadjusted HR
2.11, 95% Cl 1.83-2.44; Table 2). Approximately half of this excess
risk was explained by patient characteristics and comorbidities
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+

Figure 1 Record selection and matching.

(adjusted OR for death in hospital 2.32, 95% CI 2.16-2.48, and ad-
justed HR for death during the first 90 days after hospital discharge
1.46, 95% Cl 1.26—1.70). After adjusting for ICU admission factors
including illness severity, NOAF remained associated with hospital
mortality (adjusted OR 1.50, 95% Cl 1.38-1.63), but was no longer
significantly associated with death during the first 90 days after hos-
pital discharge (adjusted HR 1.10, 95% Cl 0.95-1.29).

Smaller increases in risk of death >90 days after hospital discharge
were entirely explained by patients’ characteristics and medical his-
tory (death 91 days to 1 year after discharge unadjusted HR 1.38,
95% Cl 1.20-1.59, adjusted HR 0.99, 95% CI 0.86—1.15; death >1
year after discharge unadjusted HR 1.66, 95% Cl 1.53-1.79, adjusted
HR 1.04, 95% Cl 0.96-1.12).

Compared with controls, patients with NOAF were at 10 times
the risk of subsequent hospitalization with AF (20.2 vs. 1.9%, un-
adjusted CHR 9.77, 95% Cl 8.91-10.70) and over twice the risk of

subsequent hospitalization with stroke (1.2 vs. 0.5%, unadjusted
CHR 2.31,95% CI 1.77-3.02) or heart failure (7.8 vs. 2.8%, unadjust-
ed CHR 2.68, 95% Cl 2.39-2.99). Approximately half of these ex-
cesses in risk were explained by patients’ characteristics and
medical history (adjusted CHR for subsequent hospitalization with
AF 5.86,95% Cl 5.33—6.44; stroke 1.47,95% Cl 1.12-1.93; and heart
failure 1.28, 95% Cl 1.14-1.44). Cumulative incidence of events at 1,
3, and 5 years are summarized in Supplementary material online,
Table S3 and the cumulative incidence of death, by cause of death,
in Supplementary material online, Table S4.

When the classification of NOAF was relaxed for the sensitivity
analysis to include patients where there was uncertainty about
whether NOAF developed in ICU or on the ward after ICU dis-
charge, patient characteristics and comorbidities remained similar
(see Supplementary material online, Table S5). However, hospital
mortality reduced from 43.3% among patients with NOAF in the
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Table 1 Patient characteristics Table 1 Continued
NOAF Control® NOAF Control®
(N=4615) (N=27690) : (N=4615) (N=27690)
Age, years, mean (SD) 715 (11.3) 59.1 (17.8) Lowest white blood cell count 125 (11.4) 11.9 (8.6)
Sex, male, n (%) 2646 (57.3%) 15008 (54.2%) (x107/L), mean (SD)
Ethnicity Highest creatinine (mg/dL), mean 2.0 (2.1) 1.5 (1.8)
White, n (%) 4332 (93.9%) 25157 (90.9%) : (SD)
Mixed, n (%) 7 (0.2%) 113 (0.4%) Highest serum sodium mmol/L), 139 (6) 139 (5)
Asian, n (%) 86 (1.9%) 854 (3.1%) : mean (SD)
Black, n (%) 48 (1.0%) 564 (2.0%) ICNARC physiology score® 20 (1527) 14 (9.20)
Other, n (%) 35 (08%) 294 (1.1%) AF, atrial fibrillation; SD, standard deviation.
Not stated, n (%) 107 (2.3%) 708 (2.6%) : *No documented AF prior to or during ICU stay.
Obesity (body mass 1085 (26.5%) 5926 (24.4%) PCustomized version of the ICNARC physiology score excluding heart rate
index > 30 kg/m?), n (%) . component
Previous hospitalization with:
Hypertension, n (%) 3050 (66.1%) 13056 (47.2%)
Heart failure, n (%) 1146 (24.8%) 2791 (10.1%)
Diabetes mellitus, n (%) 1085 (23.5%) 5691 (20.6%) :
Ischaemic heart disease, n (%) 1450 (31.4%) 5741 (20.7%) Mortality from ICU admission
Valvular heart disease, n (%) 578 (12.5%) 1720 (6.2%) 807
Thromboembolism (including 418 (9.1%) 1715 (6.2%) : 5
stroke), n (%) 5 604
Peripheral artery disease, n (%) 782 (16.9%) 3435 (12.4%) i;
Pulmonary hypertension, n (%) 121 (2.6%) 322 (1.2%) §
Dilating cardiomyopathy, n (%) 30 (0.7%) 141 (0.5%) é 407
Reasons for admission to ICU é
Surgical: elective/scheduled é 20
Cardiac, n (%) 10 (0.2%) 77 (0.3%) S
Other, n (%) 448 (9.7%) 6524 (23.6%) : 0 . . . . .
Surgical: emergency/urgent 0 1 2 3 4 5
Cardiac, n (%) 5 (0.1%) 32 (0.1%) : vears from [CU admission
Trauma, n (%) 346 (7.5%) 1572 (5.7%) N (NOAF): 4615 4615 4615 4478 4136 3883
Other, n (%) 695 (151%) 3792 (13.7%) : M{Contio TS0 TR0 EO0 e e e
: NOAF Control
Medical :
Cardiac, n (%) 294 (6.4%) 1106 (4.0%) Figure 2 Cumulative incidence of mortality from intensive care
Other, n (%) 2817 (61.0%) 14587 (52.7%) : unit admission. Cumulative incidence of mortality estimated using
CPR in 24 h prior to ICU 5 (01%) 32 (0.1%) the Kaplan-PMeier method.

admission, n (%)
Physiology during first 24 h

of ICU admission
primary analysis to 34.1% in the sensitivity analysis (see

I(_r:xi;s,y::;ll:: (bslg;d pressure  31(19) 7720 Supplementary material online, Table S5). Accordingly, after account-
Highest temperature (°C), mean 377 (1.0) 376 (10) ing for comorbidities and ICU admission factors, there was no longer
(D) ' an association between NOAF and in-hospital mortality (adjusted

) L OR 1.02, 95% CI 0.96-1.09), although a small increase was observed
Lowest respiratory rate (min™), 140 (44) 130 (40) in the first 90 days post-discharge (adjusted OR 1.22, 95% Cl 1.10—
mean (SD) 1.35; see Supplementary material online, Table $6). Consistent with
Urine output (mL), mean (SD) 1417 (1141) 1887 (1403) . the primary analysis, risks of hospital readmission remained elevated
PaO,/FO; (kPa), mean (SD) 262 (13.6) 339 (163) ©in the NOAF cohort (adjusted CHR for readmission with AF 6.41,
Lowest pH, mean (SD) 7.28 (0.12) 7.31(0.12) © 95% Cl 5.99-6.85; stroke 1.59, 95% ClI 1.32—1.91, and heart failure
Highest urea (mmol/L), mean (SD) 14.5 (11.1) 9.6 (9.1) © 1.25,95% CI 1.15-1 .35). Unadjusted cumulative incidence of events

. at 1, 3, and 5 years in the sensitivity analysis cohort is summarized in
Continued

Supplementary material online, Table S7.
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Figure 3 Cumulative incidence of mortality and hospitalization after hospital discharge. Cumulative incidence of mortality estimated using the
Kaplan—Meier method. Cumulative incidences of hospital admission with atrial fibrillation, stroke, and heart failure estimated using non-parametric

methods to account for competing risk of death.

Discussion

This study demonstrates that patients who develop NOAF during an
ICU stay are older and have more comorbidities than those who do
not. After controlling for these differences, patients with NOAF still
have substantially higher mortality in hospital, and have higher rates
of subsequent hospitalization with AF, stroke, and heart failure than
those who do not. In patients who survive to hospital discharge, the
excess risk of death associated with ICU-acquired NOAF was ac-
counted for by differences in patient demographics, comorbidities,
and ICU admission factors including illness severity.

Our study findings are limited by the sensitivity of diagnostic re-
cords, that is, NOAF may have been present but not have been re-
corded, or it may be ambiguous as to whether AF that was recorded
was new-onset or pre-existing. We adopted a NOAF definition that
favoured specificity over sensitivity. We prioritized confidence in a
NOAF diagnosis at the expense that not all cases of NOAF would

be identified. Our methods explain the low reported incidence of
NAOF compared with existing literature. Comparison with other
data sources suggests that we identified a subset of all patients
who developed NOAF who likely represent those patients for
whom their AF was of sufficient clinical importance to be documen-
ted in their clinical notes. It is likely, therefore, that our NOAF cohort
does not contain patients who had brief episodes of self-limiting, or
easily treated AF.

Furthermore, the sensitivity of our outcomes may be limited, for
example, our outcome of hospitalized ischaemic stroke may miss ex-
tremes of severity where mild strokes were managed in an out-
patient setting, or where death occurred prior to hospital
admission. Potentially relevant information that was not available in
the linked data sources includes some risk factors (e.g. dyslipidaemia,
smoking, and alcohol use) and anticoagulation therapy during or after
critical care admission. Lastly, we did not analyse the outcomes of pa-
tients with pre-existing AF.
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Table 2 Outcomes

Outcomes

During hospital admission

NOAF

Events/N (%)

Control®

NOAF vs. control

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)°

Adjusted OR
(95% CI)©

Death
After hospital discharge

Death
1-90 days after discharge
91 days—1 year after discharge
>1 year after discharge

Subsequent hospital admission with:

Atrial fibrillation
Stroke

Heart failure

2000/4615 (43.3)

5367/27 690 (19.4)

Events/person-years (IR)

213/609 (35.0)
227/2250 (10.1)
736/9548 (7.7)

855/4231 (20.2)
68/5574 (1)
395/5087 (7.8)

907/5400 (16.8)
1512/20 688 (7.3)
4675/96 268 (4.9)

1017/53 458 (1.9)
283/54509 (0.5)
1462/52 907 (2.8)

322 (3.02-3.44)
Unadjusted HR
(95% CI)

211 (1.83-2.44)
1.38 (1.20-1.59)
1.66 (1.53-1.79)

Unadjusted CHR

(95% CI)
9.77 (8.91-10.70)
231 (1.77-3.02)
268 (2.39-2.99)

2.32 (2.16-2.48)
Adjusted HR
(95% CI)°

146 (1.26-1.70)
0.99 (0.86-1.15)
1.04 (0.96-1.12)
Adjusted CHR
(95% CI)°
5.86 (5.33-6.44)
147 (1.12-1.93)
1.28 (1.14-1.44)

1.50 (1.38-1.63)
Adjusted HR
(95% CI)“

1.10 (0.95-1.29)
091 (0.79-1.06)
0.96 (0.88-1.04)

Hazard ratios estimated using Cox proportional hazards regression =+ adjustment for the same factors. Cause-specific hazard ratios estimated using Cox proportional hazards

regression with censoring at death =+ adjustment for the same factors.

AF, atrial fibrillation; CHR, cause-specific hazard ratio; Cl, confidence interval; HR, hazard ratio; IR, incidence rate; NOAF, new-onset atrial fibrillation; OR, odds ratio.
*No documented AF prior to or during ICU stay. Odds ratios estimated using logistic regression.
®Adjusted for age (using a restricted cubic spline with knots at positions 25, 54, 68, and 84 years), sex, diabetes mellitus, hypertension, prior thromboembolism, valvular heart disease,

pulmonary hypertension, and heart failure.

“Adjusted for comorbidities listed under footnote b in addition to CPR prior to admission, illness severity (customized version of the ICNARC physiology score excluding heart rate
component), admission type (medical admission/admission following elective surgery/admission following emergency surgery), and reason for ICU admission [system level:
cardiovascular, gastrointestinal, genito-urinary, neurological (including eyes), respiratory, and others].

We found that even after accounting for pre-existing comorbid-
ities, the occurrence of NOAF during an ICU stay was associated
with a considerably increased risk of hospital readmission with AF.
Recurrence of AF during the same ICU admission appears to be
common, with around one-third of patients developing AF again in
the ICU after initial successful treatment.®” Our study extends these
findings by suggesting persistence of AF after hospital discharge. This
is indicated by persistent elevation of risk of readmission with AF.
One previous Korean study found 34% of those who developed
NOAF during an ICU admission had recurrent AF documented in
hospital claims in the following 6 months.* Together, this suggests
that much of the NOAF associated with critical illness does not re-
solve with treatment of the underlying condition. Our study provides
the evidence to support current guidelines stating that patients de-
veloping NOAF secondary to a potentially ‘reversible’ condition
should receive careful follow-up,?® countering the notion in previous
guidelines that successful treatment of the underlying condition often
eliminates AF.**

Our finding of important AF recurrence/persistence gives weight
to our finding of increased stroke risk in patients who develop NOAF
during critical illness. Limited prior evidence exists to support our
finding. In a Korean retrospective analysis of patients who survived
for >6 months after an ICU admission, NOAF during an ICU stay
was associated with an increased risk of subsequent stroke or sys-
temic embolism in age and comorbidity propensity-matched groups
over 3 years of follow-up.?? A retrospective study in the USA of hos-
pitalized patients with sepsis demonstrated that patients who devel-
oped NOAF during their hospital admission are at increased risk of

ischaemic stroke compared with those who did not over the 5 years
post-hospital discharge, despite accounting for comorbidities and
certain sepsis-severity variables.” Together these findings suggest
that some patients who develop NOAF during critical illness may
benefit from follow-up and anticoagulation for stroke prophylaxis
where indicated. The optimal subgroups and timing of anticoagula-
tion initiation is unclear, with practice variable within and across
ICUs."®% Prospective studies are needed of monitoring and
follow-up strategies to identify the timing of AF recurrence,
and patients at highest risk, most likely to benefit from
anticoagulation.

We found elevated hospital mortality rates in those patients
developing ICU-acquired NOAF. There are plausible mechanisms
to explain the association between NOAF and early mortality.
Organized atrial activity contributes to ventricular filling and car-
diac output. New-onset atrial fibrillation, therefore, detrimentally
affects haemodynamic status, and results in a reduction in blood

) . C 26
pressure and increased need for vasoactive medications

and
precedes organ failure?’ in patients in an ICU. New-onset atrial
fibrillation is also associated with early thromboembolic complica-
tions during critical illness that may contribute to mortality.?®
Notably, in our sensitivity analysis including patients who may
have developed NOAF in hospital after ICU discharge, there
was no association between NOAF and in-hospital mortality.
These findings give weight to the hypothesis that NOAF during
critical illness confers most mortality risk when patients are
most unwell, on an ICU, where haemodynamic impact is likely
to be most marked.
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A causal association between ICU-acquired NOAF and longer-
term mortality is less clear. Previous evidence has suggested that
developing NOAF during an ICU stay is associated with increased all-
cause mortality after hospital discharge. One single-centre study in
The Netherlands found a 26% 1-year mortality in patients who de-
veloped NOAF in the ICU, vs. 4.6% in propensity-matched patients
who did not develop NOAF. A study of patients with sepsis also
identified an increased risk of mortality over the 5 years post-
hospital discharge in those who developed NOAF.? Notably, the
relative increase in mortality risk reduced over time, with no evi-
dent increase in adjusted risk after 1 year. We show that after com-
prehensively accounting for comorbidities and illness severity at
ICU admission, |ICU-acquired NOAF is not independently asso-
ciated with mortality after hospital discharge. While persistent or
recurrent AF after an ICU admission may result in stroke and heart
failure, deaths from these conditions were rare (see Supplementary
material online, Table S3). Our study may therefore have been
underpowered to detect excess deaths directly resulting from se-
qualae of ICU-acquired NOAF. Elevated post-discharge mortality
in previous studies is unlikely to be accounted for by these sequalae
and may instead reflect residual confounding from the higher illness
severity that often coexists with NOAF, but which was accounted
for in our study.

Conclusions

Patients who develop NOAF during an ICU admission are at con-
siderably higher risk of future hospital admissions with AF, heart
failure, and stroke than those who did not develop AF. These differ-
ences remain after accounting for differences in demographics and
comorbid status. Patients with NOAF have higher mortality in-
hospital and after hospital discharge, though post-discharge mortal-
ity is explained by differences in demographics, comorbidities, and
ICU admission factors. Future studies to identify patients most at
risk of AF recurrence and stroke are required to inform post-
discharge management of this common problem. Patients who de-
velop NOAF during an ICU admission are likely to benefit from car-
diological surveillance and follow-up after hospital discharge.

Supplementary material

Supplementary material is available at European Heart Journal: Acute
Cardiovascular Care online.
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