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ABSTRACT

Background: Elevated P-wave terminal force in lead V1 (PTFV1) >5000
UWV*ms is a predictor of atrial fibrillation and stroke in a general
population. The risk for atrial fibrillation and ischemic stroke is high in sepsis
but predictors are lacking.

Objectives: Analysis of a prospective, observational cohort study with
subjects categorized by PTFV1 (lower and higher than 5000 pV*ms)
cutoffs and by age (older and younger than 60 years old).

Methods: Of the 360 consented sepsis patients, 273 had evaluable pre-
sepsis electrocardiograms (ECG). PTFV1 was measured by 3 independent
and blinded assessors using the Mitutoyo 500-195-30CAL Absolute
Digimatic Caliper on the last available ECG before sepsis onset. Patient
characteristics and outcomes were compared between lower (PTFV1 <
5,000 uV*ms) and higher PTFV1 (PTFV1 > 5,000 uV*ms), and older and
younger patients with elevated pre-sepsis PTFV1.

Results: The median age was 63 years [IQR 53, 71], 44% women. Median
of the last ECG prior to sepsis-onset was 1 day [IQR, 0, 9]. 32% of
individuals had pre-sepsis PTFV1 > 5,000 puV*ms, and were mostly
females. Older patients with PTFV1 > 5,000 uV*ms had greater pre-sepsis
left atrial diameter, more in-hospital new-onset atrial fibrillation, greater
Charlson Comorbidity Index score, and worse clinical trajectory, compared
to younger patients with PTFV1 > 5,000 puV*ms.

Conclusions: Older individuals with elevated pre-sepsis PTFV1 had
greater occurrence of AF and worse outcomes during sepsis. Future studies
will test pre-sepsis PTFV1 as a predictor of in-hospital and longitudinal
outcomes in older sepsis patients at risk of atrial fibrillation, stroke and
frailty.
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Abbreviations:

PTFV1-P-wave terminal force in lead V1

PICS - persisten inflammation, immunosuppression and
catabolism syndrome

ECG - electrocardiogram

ARCADIA - The AtRial Cardiopathy and Antithrombotic
Drugs In prevention After cryptogenic stroke

ICU - intensive care unit

SOFA - sequential organ failure assessment

LA - left atrium

Introduction

Sepsis is one of the most common, expensive and
inadequately managed syndromes in modern medicine.!
As a leading cause of death,? sepsis accounts for >$20
billion of total hospital costs in the United States.3
Improved in-hospital mortality has yielded a rapidly
expanding population of sepsis survivors who develop
chronic critical illness characterized by the persistent
organ dysfunction requiring prolonged intensive care unit
(ICU) stay.47 Chronic critical illness frequently manifests
thereafter as low-grade systemic inflammation,
immunosuppression and muscle catabolic state.4 Our
group has labeled this condition as the persistent
inflammation,  immunosuppression and  catabolism
syndrome (PICS).#8 Sepsis survivors, especially older
adults, are often discharged to long-term acute care
facilities, where they experience dismal outcomes, sepsis
recidivism, and ~40% post-discharge mortality in 1
year.?-12 Sepsis patients often suffer long-term new-onset
and/or exacerbating health problems such as physical,
cognitive and cardiovascular dysfunctions.’314  Early
detection of some of these dysfunctions during
hospitalization, may result in better clinical management
and alleviation of long-term health impairments.

Sepsis patients are at high risk of acute and long-term
cardiovascular events, such as ischemic stroke. 1315
Cardiac arrhythmias such as atrial fibrillation often occur
during sepsis and persist after hospital discharge in
approximately 50% of patients.'¢17 Incidence of atrial
fibrillation in sepsis patients has been reported to range
from 5 to 23% and has been associated with increased
cardioembolic risk.’® Occurrence of atrial fibrillation
greatly increases the risk of stroke, especially in frail
older adults.’” There is a need of predictors of atrial
fibrillation in early sepsis in order to identify patients at
risk of stroke. Atrial fibrillation electrocardiogram (ECG)
markers of the left atrial abnormality, including the P-
wave terminal force in lead V1 (PTFV1), have been
recognized as easily accessible and clinically relevant
predictors of the left atrial dysfunction.’ PTFV1
abnormalities are associated with the risk of ischemic
stroke regardless of previous history of atrial
fibrillation.20.2! PTFV1 >5000 puV*ms has been shown as
a predictor of atrial fibrillation and ischemic stroke.22
According to The AtRial Cardiopathy and Antithrombotic
Drugs In prevention After cryptogenic stroke (ARCADIA)
trial, atrial cardiopathy was defined as the presence of
1 or more of the following: PTFV1>5000 uV*ms, serum
NT-proBNP>250pg/mL or left atrial diameter index >3
cm/m2 on echocardiogram. These thresholds were chosen

based on approximately doubled risk of stroke or stroke
recurrence in observational studies.23

In this manuscript, we analyzed available pre-sepsis
ECGs in a cohort of sepsis patients to characterize in-
hospital outcomes of patients with elevated pre-sepsis
PTFV1. We hypothesized that older patients with pre-
sepsis PTFV1>5000 uV*ms will have worse in-hospital
outcomes and greater occurrence of new-onset atrial
fibrillation during sepsis.

Methods

SEPSIS COHORT.

We performed an analysis of a prospective,
observational cohort study conducted over four years
ending December 31, 2018 that enrolled surgical ICU
patients with new onset sepsis. This study was conducted
by the University of Florida Sepsis Critical lliness Research
Center in collaboration with the UF Institute on Aging.
Patients were recruited from the trauma and surgical ICUs
(each with 24 beds) at the UF Health Shands Hospital
(Gainesville, Florida; U.S.A.). Each ICU has a dedicated
multidisciplinary ICU team that use established clinical
protocols.24 The main study (Persistent Inflammation,
Immunosuppression and Catabolism Syndrome (PICS): A
New Horizon for Surgical Critical Care) was approved
by the University of Florida Institutional Review Board
(#IRB201400611) on 10/28/2014 and registered with
clinicaltrials.gov  (NCT02276417). Procedures were
followed in accordance with the ethical standards of the
responsible committee on human experimentation
(institutional or regional) and with the Helsinki Declaration
of 1975. All subjects signed a written informed consent
before participation in the study. The patient or legally
authorized representative provided informed consent
within 96 hours after the patient qualified for study
inclusion. If not obtained within 96 hours, all patient data
and biological samples were destroyed. Details of the
study design with inclusion and exclusion criteria as well
as the clinical and laboratory standard operating
procedure utilized have been previously documented. 24

In brief, overall cohort inclusion criteria included (1) age
> 18 years; (2) clinical diagnosis of sepsis as defined by
2001 consensus guidelines; and (3) entrance into an
electronic medical record evidence-based sepsis
standard operating procedures. Exclusion criteria
eliminated patients whose baseline immunosuppression,
end-stage comorbidities, or severe injuries would be a
primary determinant of their long-term outcomes and thus
confound outcome assessment. The clinical course of study
patients was prospectively documented by experienced
research nurses using an established sepsis database. The
diagnosis of sepsis, site of infection and initial sepsis
severity of each case was adjudicated weekly by a team
of bedside clinicians. Organ dysfunction progression was
assessed by serial Sequential Organ Failure Assessment
(SOFA) scores. Patients were classified by three pre-
determined in-patient clinical trajectories: 1) early death,
2) rapid recovery and 3) chronic critical illness. Early
death was defined as death within 14 days of sepsis
onset. Chronic critical illness was defined as an ICU stay
greater than or equal to 14 days with evidence of
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persistent organ dysfunction by SOFA. Rapid recovery
patients were those not meeting criteria for early death
or chronic critical illness.24 Our age cutoff of 60 years old
was based on the evidence that mortality after trauma
increases at the age of 60 years of age.?>

ELECTROCARDIOGRAM ANALYSES.

Electrocardiograms were analyzed before (most recent
ECG prior to enrollment in the study) and after sepsis
onset or the first ECG obtained during hospital
admission). PTFV1 is defined as the measurement of the
depth of the downward deflection of the P-wave in lead
V1 multiplied by the duration of this downward wave in
milliseconds.2? Measurements were conducted manually
by three blinded investigators using Mitutoyo 500-195-
30CAL Absolute Digimatic Caliper and PTFV1 was
calculated standardizing it with an ECG correction factor
based on printout parameters. PTFV1 values were
averaged to yield the final PTFV1 average values.
PTFV1 values greater than 5000 PV*ms have been
designated as elevated PTFV1.26 We divided the cohort
by the cutoff of 5000 uV*ms according to the ARCADIA
trial.2!

Charts were screened for occurrence of atrial fibrillation
and atrial fibrillation with rapid ventricular response

prior to or after enrollment in sepsis protocol.
Transthoracic echocardiograms conducted after sepsis
onset were identified to calculate the left atrial diameter.

STATISTICAL ANALYSES.

Fisher exact test and the Kruskal-Wallis test were used
for comparison of categorical and continuous variables,
respectively. All significance tests were 2-sided, with p-
value £0.05 considered statistically significant. Statistical
analyses were performed with SAS version 9.4 (SAS
Institute, Cary, NC, U.S.A.).

Results

DEMOGRAPHIC AND IN-HOSPITAL INFORMATION.

Out of 360 patients, 273 patients had evaluable pre-
sepsis ECGs (median age: 63 years old, 44% women,
and 88% White) (Figure 1). Eighty-seven ECGs were not
evaluable due to poor recording quality. The most recent
ECG before sepsis onset was analyzed, median 1 day
[interquartile range, IQR, O, ?]. Sixty-three percent had
hypertension, 12% had a pre-existing atrial fibrillation
diagnosis, and 12% reported prior ischemic stroke.
Median ICU stay was 8 days [IQR 3, 17] and hospital
mortality was 9%. New-onset atrial fibrillation during
sepsis occurred in 27 patients. There were in total 13 (5%)
post-sepsis onset ischemic strokes (Table 1).

Figure 1. Diagram of ECG selection process and subject inclusion.

2686 eligible patients

2286 patients unable to
be consented

400 patients consented

360 patients consented
and included in study

Baseline ECGs not
available or not
evaluable
(n=87)

Baseline ECGs
(n=273) —

PRE-SEPSIS PTFV1 COHORT CHARACTERISTICS.

There were 32% of individuals with pre-sepsis
PTFV1>5000 uV*ms, mostly females. Only 17 % of
patients with PTFV1>5000 pV*ms had history of
coronary artery disease as compared to 31% of patients
with PTFV1<5000 puV*ms. Individuals with PTFV1>5000
MV*ms had marginally shorter (p=0.06) hospital length

of stay and lower (p=0.06) left atrial (LA) diameter
index median 3.5 [IQR 3, 4] compared to median 3.8 [
IQR 3.3, 4.2]. Among patients with pre-sepsis PTFV1>
5000 pV*ms, new-onset in-hospital atrial fibrillation
occurred in 17% of patients as compared to 24% among
those with PTFV1 < 5000 puV*ms (p=0.0007) (Table 1).
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Table 1. Demographics and in-hospital characteristics of sepsis patients by pre-sepsis PTFV1 cut-off.

Variables Total Population PS PTFV1 > 5000 PS PTFV1 < 5000 P-value
(n=273) UV*ms (n=86) UV*ms (n=187)

Patient Characteristics
Age — years (median, IQR) 63 (53,71) 61 (53, 67) 64 (53,72) 0.07
Female sex — no. (%) 121 (44) 51 (59) 70 (37) 0.001
Race or ethnic group — no. (%) 0.52

White 240 (86) 73 (85) 167 (88)

Black 29 (10) 13 (15) 16 (8)

American Indian 1(1) 0 (0) 1(1)

Asian 1(1) 0 (0) 1(1)

Other 1(1) 0 (0) 1(1)

Unknown 1(1) 0 (0) 1(1)
Hispanic — no. (%) 6(2) 0 (0) 6(3.2) 0.18
Hypertension — no. (%) 173 (63) 54 (63) 119 (64) 0.95
Diabetes — no (%) 82 (30) 26 (30) 56 (30) 1
Coronary Artery Disease — no. (%) 71 (26) 14 (16) 57 (31) 0.02
Congestive Heart Failure — no. (%) 36 (13) 10(12) 26 (14) 0.70
History of Stroke — no. (%) 32(12) 7 (8) 25(13) 0.21
Tobacco Use — no. (%) 114 (42) 34 (40) 80 (43) 0.68
Alcohol Use — no. (%) 52(19) 15(17) 37 (20) 0.76
Atrial Fibrillation — no. (%) 29 (12) 7 (8) 22 (13) 0.40
Body Mass Index (median, IQR) 29.5(24.8,37.2) 28.4(25.1,35.7) 29.7 (24.7, 37.8) 0.43
Baseline LA diameter (cm) (median, IQR) 3.7 (3.2, 4.2) 3.5 (3, 4) 3.8 (3.3, 4.2) 0.06

In-hospital Characteristics

BNP (median, IQR)

Charlson Comorbidity Index (median, IQR) 3(2,5)
Length of stay (days) (median, IQR) 17 (8, 28)
ICU- Length of Stay (days) (median, IQR) 8(3,17)
In-hospital Mortality — no. (%) 24 (9)
Maximum SOFA Score (median, IQR) 8(5,10)
Clinical trajectory — no. (%)

Early Death 9 (3)

Cccl 100 (37)

RAP 164 (60)
Post enrollment atrial fibrillation — no. (%) 59 (22)

1397 (604, 4887)

1397 (588, 4887) 1420 (609.5, 4901.5) 0.84

3(1, 4) 3(2,5) 0.32

13 (7, 25) 17 (9, 29) 0.06

6.5(2,17) 9 (4,18) 0.08

4 (5) 20 (11) 0.11

7 (5,10) 8(6,11) 0.09
0.71

2(2) 7 (4)

29 (34) 71 (38)

55 (64) 109 (58)

15 (17) 44 (24) 0.001

Abbreviations: PS=pre-sepsis; BNP=Brain Natriuretic Peptide; CCl=chronic critical illness; ICU=Intensive Care Unit; IQR=
interquartile range; LA= left atrium; MSE= Mental State Examination; PTFV1= P-wave terminal force in lead V1;

RAP=rapid recovery

CHARACTERISTICS OF YOUNGER AND OLDER PATIENTS
WITH ELEVATED PTFV1.

Individuals 60 years and older with PTFV1>5000 pV*ms
had marginally higher SOFA score and higher Charlson
Comorbidity Index and were marginally more often type
2 diabetic, and worse clinical trajectory i.e. more early

death and chronic critical illness. Twenty-nine percent of
older sepsis patients with pre-sepsis PTFV1>5000 pV*ms
had new-onset post-sepsis atrial fibrillation compared to
3% among younger individuals. Pre-sepsis left atrial
diameter was greater among older individuals compared
to patients <60 years old (Table 2).
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Table 2. Demographics and in-hospital characteristics of sepsis patients with elevated pre-sepsis PTFV1 by age.

PS PTFV1 > 5000 pV*ms

PS PTFV1 > 5000 puV*ms

Variables >60 years old (n=48) <60 years old (n=187) P-value
Patient Characteristics
Age — years (median, IQR) 66 (63,71) 51 (43, 56) <0.0001
Female sex — no. (%) 25 (52) 26 (68) 0.18
Race or ethnic group — no. (%) 0.23

White 43 (90) 30 (79)

Black 5(10) 8 (21)

American Indian 0 (0) 0 (0)

Asian 0 (0) 0 (0)

Other 0 (0) 0 (0)

Unknown 0 (0) 0 (0)
Hispanic — no. (%) 0 (0) 0 (0) 0.18
Hypertension — no. (%) 34 (71) 20 (53) 0.12
Diabetes — no (%) 19 (40) 7 (18) 0.06
Coronary Artery Disease — no. (%) 10 (21) 4(11) 0.25
Congestive Heart Failure — no. (%) 8(17) 2 (5) 0.17
History of Stroke — no. (%) 5(10) 2 (5) 0.46
Tobacco Use — no. (%) 19 (40) 15 (40) 1
Alcohol Use — no. (%) 10 (13) 5(13) 0.39
Atrial Fibrillation — no. (%) 6 (8) 1(3) 0.13
Body Mass Index (median, IQR) 27.5 (24.3, 33.3) 29.6 (25.6, 39.4) 0.21
Baseline LA diameter (cm/m?2) (median, IQR) 3.9 (3.4, 4.3) 3.2 (2.8, 3.6) 0.002
In-hospital Characteristics
BNP (median, IQR) 1741.5 (588, 5651) 859 (475.5,3121.5) 0.34
Charlson Comorbidity Index (median, IQR) 4 (3, 6) 1(0, 2) <0.0001
Length of stay (days) (median, IQR) 14 (8.5, 25.5) 10.5 (7, 24) 0.30
ICU- Length of Stay (days) (median, IQR) 9.5 (3, 18.5) 5.5 (2, 14) 0.15
In-hospital Mortality — no. (%) 3 (6) 1(3) 0.63
Maximum SOFA Score (median, IQR) 8 (6, 10.5) 6.5 (4, 9) 0.06
Clinical trajectory — no. (%) 0.71

Early Death 2 (4.2) 0 (0)

cdl 20 (42) 9 (24)

RAP 26 (54) 29 (76)
New-onset atrial fibrillation — no. (%) 14 (29) 1(3) 0.001

Abbreviations: PS=pre-sepsis; BNP=Brain Natriuretic Peptide; CCl=chronic critical illness; ICU=Intensive Care Unit; IQR=
interquartile range; LA= left atrium; MSE= Mental State Examination; PTFV1= P-wave terminal force in lead V1;

RAP=rapid recovery;

Discussion

The main findings of this study were that PTFV1 was
greater than 5000 puV*ms in approximately a third of
individuals before sepsis onset (32%), which was nearly
three-fold compared to a number of individuals with
atrial fibrillation diagnosis (12%). In the total cohort, the
occurrence of post-sepsis onset atrial fibrillation was
greater among patients with PTFV1<5000 pV*ms.
However, when comparing individuals >60 to <60 years
old, older patients with elevated pre-sepsis PTFV1 had
greater pre-sepsis left atrial diameter, more new-onset
atrial fibrillation after sepsis onset, and worse in-hospital
outcomes and clinical trajectory compared to individuals
<60 years old.

Twenty-two percent of new-onset atrial fibrillation in our
cohort of mostly older sepsis patients are in line with
others being between 2-26% in sepsis and 40% in septic
shock.’® Recent results from the United Kingdom
retrospective  electronic  health record study
demonstrated that sepsis patients with a new-onset atrial
fibrillation (n=7,691) were older, were mostly male and
had more cardiovascular, renal and pulmonary
comorbidities than sepsis patients without new-onset
atrial fibrillation (n=24,506). Sepsis patients with atrial
fibrillation had also longer hospital stay, greater risk for
septic shock and in-hospital and post-discharge
mortality.?” Thus, identification of clinically meaningful
biomarkers would potentially improve early clinical
management as well as alleviation of long-term health
consequences. Our results demonstrating greater
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occurrence of atrial fibrillation and worse clinical
outcomes in a cohort of patients who had pre-sepsis
PTFV1<5000 uV*ms are not in line with the findings of
others. Reports to date have shown that PTFV1>5000
UV*ms was an ECG biomarker predictive of atrial
fibrillation and long-term ischemic stroke. 28-30

These results were unexpected, but after dividing the
cohort of patients with elevated pre-sepsis PTFV1 into
older and younger than 60 years, because of a strong
age effect on sepsis and atrial fibrillation risk?7, we found
that older adults with elevated pre-sepsis PTFV1 have
worse in-hospital outcomes and greater occurrence of
new-onset atrial fibrillation compared to patients
younger than 60 years old. Others have found that P
wave duration at the upper fifth percentile was
associated with long-term atrial fibrillation risk in older
adults.3! Atrial fibrillation and stroke are more prevalent
in older adults and overall in-hospital outcomes are worse
in older age, thus our results indicate that in our cohort,
older adults with elevated pre-sepsis PTFV1 had greater
pre-sepsis left atrial diameter and occurrence of atrial
fibrillation, and worse clinical outcomes in sepsis. To our
knowledge, this is the first report suggesting that older
adults with elevated pre-sepsis PTFV1 may be at risk of
new-onset atrial fibrillation and poor outcomes in
response to sepsis.

Additionally, our general patient cohort with elevated
pre-sepsis PTFV1 comprised majority of females. Females
have a uniquely better response to sepsis than males,
where protective effects of sex hormones and
predominance of anti-inflammatory mediators may play
a role.3233 Sex differences in PTFV1 as a predictor of
outcomes in sepsis warrant further investigation.

Our findings should be interpreted in the light of recent
evidence suggesting elevated PTFV1 values as a very
early marker of atrial cardiomyopathy, but not indicative
of the irreversible structural remodeling.34 Thus, given the
recognized higher long-term risk of atrial fibrillation and
ischemic stroke among older sepsis patients,!835 PTFV1
might serve as a useful marker to guide clinical decision-
making, for example anticoagulant therapy and
modulating fluid overload during resuscitation. ¢ For
example, in pre-dialysis patients, elevated PTFV1 was
associated with higher thoracic fluid content.3¢ ECG-
based markers of atrial function could be useful in sepsis
because, for example, during hypovolemia related to
septic shock, fluid overload while maintaining arterial
pressures may cause atrial stretch which is associated with
a higher incidence atrial fibrillation. ¢ Additionally,
vasopressor therapy such as catecholamines used to
maintain arterial blood pressure were also associated
with a higher incidence of atrial fibrillation which could
be through mechanisms such as adrenergic stimulation of
alpha and beta receptors. 37:38

This study has several limitations. First, the manual
measurements of PTFV1 could introduce inter-assessor
error, however having 3 independent assessors and a

digital caliper reduce the inter-assessor error risk.
Second, we have not accounted for the potential effect
of other factors that may have contributed to acute
hemodynamic changes during sepsis (e.g., fluid
resuscitation) which might have had an effect PTFV1
values. In this study, we were focused on characterizing
the sepsis patients based on their pre-sepsis PTFV1
values. Future studies will focus on pre-sepsis and early
sepsis PTFV1 values as predictors of in-hospital and long-
term atrial fibrillation and ischemic stroke outcomes as
well as markers of clinical decision-making guiding fluid
resuscitation and vasopressor therapy in sepsis-induced
hypovolemia.

Conclusions

In conclusion, older individuals with elevated pre-sepsis
PTFV1 had greater occurrence of new-onset atrial
fibrillation and worse clinical outcomes during sepsis
compared with younger patients with elevated pre-sepsis
PTFV1. Future studies will test pre-sepsis PTFV1 as a
predictor of in-hospital and longitudinal outcomes in
older sepsis patients at risk of atrial fibrillation, ischemic
stroke and frailty.

Clinical perspective

Atrial fibrillation is associated with increased morbidity
and mortality as it is associated with the risk of heart
failure and ischemic stroke. Identifying individuals at
higher risk of developing atrial fibrillation is important to
allow for early detection and optimization of medical
management of the condition. Our study found that older
patients diagnosed with sepsis were at higher risk of
developing atrial fibrillation.
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