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Abstract
Background: New-onset arrhythmias (NOA) are common in sepsis and septic shock and associated with
poor clinical outcomes. Reduced exposure to catecholamines via early initiation of non-catecholamine
vasoactive agents (e.g. vasopressin) may represent a means of reducing the incidence of NOA.

Methods: An 8-year retrospective, observational cohort study was conducted including medical and
surgical intensive care unit (ICU) patients with septic shock and no history of cardiac arrhythmias who
received norepinephrine and vasopressin. Early administration was de�ned as receipt of vasopressin
within six hours of septic shock onset. Univariable analyses were used to compare groups and a
multivariable logistic regression performed to identify potential predictors of NOA. Time-to-event analyses
were expressed using the Kaplan-Meier method with differences assessed via log-rank test.

Results: 220 patients were included in the early vasopressin group and 216 in the late vasopressin group.
Similar rates of comorbid and disease severity burden were observed between groups. Compared to the
late vasopressin group, early vasopressin initiation was not associated with a lower incidence of NOA (9
vs 7%; p = 0.41). Early vasopressin initiation was associated with shorter median duration of shock (2 vs
4 days; p < 0.001), duration of norepinephrine administration (41 vs 80 hours; p < 0.001), ICU length of
stay (6 vs 7 days; p = 0.02) and in-hospital mortality (41 vs 59%; p < 0.001). Multivariable logistic
regression did not identify any signi�cant predictors of NOA.

Conclusions: Administering vasopressin within six hours of the onset of septic shock was not associated
with a lower incidence of NOA. Future, prospective studies are needed to further elucidate the role of
vasopressin timing on NOA and other clinical outcomes. 

Background
Septic shock remains a signi�cant contributor to the morbidity and mortality of critically ill patients (1).
Initial management includes �uid resuscitation, antimicrobials targeted at the most likely pathogen(s)
and vasoactive agents (2). Catecholamines, speci�cally norepinephrine, are recommended for
hemodynamic support in patients with septic shock unresponsive to adequate �uid resuscitation (2).

Catecholamine exposure is associated with adverse effects such as increased incidence of ischemia and
arrhythmias (3–5). New-onset arrhythmias (NOA), particularly new-onset atrial �brillation (NOAF), are
common in sepsis and septic shock patients and have been associated with poor outcomes including
increased mortality, length of stay, hospital cost, hemodynamic decompensation and long-term stroke
risk (6–9). The precise risk factors for NOA remain ill-de�ned, though sepsis-related factors including
higher catecholamine doses and longer catecholamine exposure have been described (6–16).
Vasopressin, a non-catecholamine vasopressor, is a recommended adjunct to norepinephrine in septic
shock patients that may restore a physiologic de�ciency, improve hemodynamics, and reduce the
incidence of NOA (17–22).
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The optimal timing of vasopressin initiation in septic shock patients receiving norepinephrine remains
unknown. Studies of early vasopressin mono- or adjunctive therapy have observed potential
hemodynamic bene�ts and mixed results related to clinical outcomes (19, 23–28). Speci�c to the impact
of early, adjunctive vasopressin on the incidence of NOA, Reardon et al. conducted a single-center,
retrospective cohort study and observed a signi�cant association with reduced incidence of NOA in septic
shock patients initiated on vasopressin within 6 hours of septic shock onset (23).

Considering the strong physiologic rationale and recent data, the purpose of this study was to further
assess the association of early administration of vasopressin on NOA in patients with septic shock.

Methods
Study Setting and Population

A retrospective, single-center, cohort study of adult patients with International classi�cation of Diseases
(ICD)-9 or 10 diagnosis code(s) for septic shock at a large, tertiary academic medical center between
January 1, 2010 to December 31, 2017 was conducted. The study was approved by the local institutional
review board.

Participants, Variables, and De�nitions

Patients were identi�ed using a pharmacy informatics database query. Eligible patients were 18 years or
older, diagnosed with septic shock, received vasopressin and norepinephrine for treatment of septic
shock, and were admitted to the medical or surgical intensive care unit (ICU) within the study timeframe.
To minimize potential confounding, patients were excluded if they received any other vasoactive or
inotropic agent during their hospital stay. Additionally, patients with a history of cardiac arrhythmias or
admission from an outside hospital were excluded. Consistent with prior literature, patients were included
in the early vasopressin group if vasopressin was initiated within six hours of the onset of septic shock
and were included in the late vasopressin group if vasopressin was initiated six hours after the onset of
septic shock (23). Only the �rst episode of septic shock that met all inclusion criteria was included in the
analysis. At the time of this study, there were no standardized protocols for the addition of vasopressin at
our institution.

Data was collected from the electronic medical record via an informatics data query and manual chart
review. Information collected included patient demographics, modi�ed Acute Pathophysiology and
Chronic Health Evaluation II (mAPACHE II) score, hospital and ICU length of stay (LOS) and hemodynamic
and laboratory values (29). Additional data included, but were not limited to, antibiotic administration,
receipt of corticosteroids, receipt of renal replacement therapy (RRT) infection source, laboratory data
surrounding NOA, NOA treatments, and time to NOA.

All study de�nitions were determined prospectively. Septic shock was de�ned as the presence of ICD-9 or
10 diagnosis code(s) consistent with septic shock (see Additional File 1) and suspected or proven
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infection as evidenced by obtainment of microbiologic cultures and receipt of empiric antimicrobial
medications within 24 hours of septic shock onset. Onset of septic shock was de�ned as the date and
time of norepinephrine initiation. Resolution of septic shock was de�ned as the date and time of both
norepinephrine and vasopressin cessation for 24 consecutive hours. Other vasoactive or inotropic agents
were de�ned as epinephrine, dopamine, phenylephrine, dobutamine, and milrinone. Culture-positive
patients were considered those with positive bacterial culture results obtained within 72 hours of the
onset of septic shock. Appropriate empiric antibiotics were de�ned as receipt of an antimicrobial(s) active
against the organism(s) identi�ed on the positive culture based on susceptibility testing performed in the
institution’s microbiology laboratory and interpreted by microbiology technicians.

History of cardiac arrhythmia required patients to meet one of two conditions. First, identi�cation of any
ICD-9 or 10 diagnosis code(s) consistent with cardiac arrhythmia(s) in the twelve months prior to the
hospital admission. To identify patients meeting this condition, all medical records within twelve months
of admission were electronically queried and veri�ed for the presence of pre-speci�ed ICD-9 and/or 10
diagnosis codes (see Additional File 1). Second, patients administered an anti-arrhythmic or rate control
agent before the onset of septic shock were considered to have a history of cardiac arrhythmia. Anti-
arrhythmic or rate control agents included adenosine, amiodarone, diltiazem, digoxin, metoprolol,
procainamide, or intravenous (IV) lidocaine. To meet the criteria for NOA, patients needed to satisfy two
criteria. First, receipt of an anti-arrhythmic or rate control agent(s) during or after septic shock onset or
resolution was required. This criterion was utilized to identify clinically relevant NOAs warranting
treatment. Patients meeting this criterion were subsequently reviewed by a board-certi�ed cardiologist
(author BG) for con�rmation and classi�cation of any identi�ed arrhythmia. This individual review
involved interpretation of pertinent electrocardiogram (EKG), telemetry, and clinical data surrounding
receipt of the anti-arrhythmic/rate control agent(s). All NOA were classi�ed as either supraventricular
tachycardia (SVT) or ventricular tachycardia (VT). Supraventricular arrhythmias included supraventricular
tachycardia (SVT), atrial �brillation and atrial �utter. Ventricular tachycardia included ventricular
�brillation in addition to sustained and non-sustained VT.

 Study Outcomes

The primary outcome of the study was the incidence of NOA. Secondary outcomes included incidence of
arrhythmia type, total number of arrhythmias, time to NOA, septic shock duration, length of ICU and
hospital stay, need for new RRT, total exposure and maximum doses of norepinephrine and vasopressin,
and in-hospital mortality.

Statistical Analyses

Continuous data were presented as median and interquartile range. Non-parametric testing via the Mann-
Whitney U test was performed on all continuous variables. Further, the Hodges-Lehmann method was
utilized to estimate the median difference between groups and associated 95% con�dence intervals (CI).
Categorical data were expressed as n (%) and analyzed using Chi-squared or Fisher’s exact test. Further,
the absolute difference between each group was reported with associated 95% CI determined via a z-test.
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To control for potential confounding, a multivariable logistic regression model was constructed
considering covariates’ clinical plausibility, univariate analyses, prior literature, and co-linearity
diagnostics to determine the odds ratio (OR) and 95% CI of predictor variables’ effects on the primary
outcome. Time-to-event analyses were expressed using the Kaplan-Meier method with differences
addressed via log-rank test. Missing data were not imputed; however, only variables without missing data
were eligible for inclusion in the multivariable logistic regression model. A two-sided p-value less than
0.05 represented statistical signi�cance. Data were analyzed using IBM® SPSS® Statistics 25 for
Windows (SPSS Inc., Chicago, IL).

Results
Participants

We identi�ed 2,115 eligible patients during the study period. After applying our exclusion criteria, 436
patients were included in the analysis: 220 patients in the early vasopressin group, and 216 in the late
vasopressin group. The most common reason for exclusion was receipt of other vasopressors or
inotropes during admission (Figure 1).

Descriptive Data

Baseline characteristics are presented in Table 1. Groups were observed to be well-matched with no
signi�cant differences observed in race, Charlson Comorbidity Index, mAPACHE II score, or receipt of
mechanical ventilation. Additionally, septic shock treatment was similar between groups with no
differences observed in net �uid balance on day of shock, appropriateness of empiric antimicrobial
treatment, or adjunctive corticosteroid use. No difference was observed in hemodynamic parameters at
septic shock onset. Median time to vasopressin initiation was signi�cantly shorter in the early
vasopressin group compared to the late vasopressin group (2 vs 17 hours; p < 0.001).

Eighty-eight patients received an anti-arrhythmic and/or rate control agent during or after septic shock
onset and were reviewed by a board-certi�ed cardiologist for con�rmation and/or classi�cation of NOA.
Fifty-three patients were deemed to not have experienced a NOA following this review. Reasons for not
being included were use of an anti-arrhythmic/rate-control agent(s) for non-arrhythmia-related indications
(e.g., hypertension, sinus tachycardia, or sympathetic storm) (n = 51) and misinterpretation of EKG (n =
4).

Outcome Data/Main Results

No difference was observed in the primary outcome of incidence of NOA between the early vasopressin
and late vasopressin group (9.1 vs 6.9%; p = 0.41, Table 2). Similarly, no difference was observed when
comparing the incidence of individual arrhythmia types between groups. Signi�cant differences were not
observed between groups when comparing maximum doses of norepinephrine or vasopressin received;
however, median total hours of norepinephrine exposure was signi�cantly lower in the early vasopressin
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group compared to the late vasopressin group (42 vs. 81 hours; p < 0.001). Similarly, the early
vasopressin group had a signi�cantly shorter median duration of septic shock (2 vs 4 days; p < 0.001),
shorter ICU LOS (6 vs 7 days; p = 0.02), and lower incidence of new renal replacement therapy (10.9 vs.
21.3%, p < 0.001) and in-hospital mortality (40.9 vs 59.3%; p < 0.001). Time to NOA from septic shock
onset did not differ signi�cantly in the early vs. late vasopressin group (1 vs. 1 days, p = 0.64). A Kaplan-
Meier analysis revealed no signi�cant difference in time to NOA from septic shock onset (Figure 2).

A multivariable logistic regression model assessed the following covariates as potential risk factors for
NOA: time to vasopressin initiation, mAPACHE II score, maximum norepinephrine dose, adjunctive
corticosteroid receipt, MAP at the time of septic shock onset, and total hours of norepinephrine exposure.
None of the included covariates were signi�cantly associated with the development of NOA (Table 3).

Discussion
The frequency and potential sequelae of NOA and potential hemodynamic bene�ts of vasopressin in
septic shock patients are well described; however, evidence describing the relationship between
vasopressin’s catecholamine-sparing effects and the incidence on NOA are scarce. This retrospective
cohort study compared the incidence of NOA between early and late vasopressin initiation in septic shock
patients with no prior history of cardiac arrhythmias that required norepinephrine and vasopressin for
hemodynamic support. The results suggest early vasopressin initiation does not reduce the incidence of
NOA.

Results of this study were consistent with prior data observing use of vasopressin alone or in conjunction
with other catecholamines in septic shock results in no difference in the incidence of arrhythmias, with
observed rates of 9.1% and 6.9% in the early and late vasopressin groups, respectively. A subgroup
analysis of only sepsis randomized-control trials, performed by McIntyre et al. observed no difference in
the relative risk of atrial �brillation in patients receiving catecholamines and vasopressin analogues
compared to catecholamines alone (10 vs 15%; RR 0.76; 95% CI 0.55-1.05; p = 0.09) (22). Similarly, the
subgroup of only vasopressin randomized-controlled trials observed no difference in the relative risk of
ventricular arrhythmias (8 vs 9%; RR 0.88; 95% CI 0.56-1.38; p = 0.57). The slightly lower observed
incidence in our study may be explained by the inclusion of patients with no history of cardiac
arrhythmias and/or a de�nition of NOA requiring clinical intervention. McIntyre et al. acknowledged
limitations surrounding catecholamine and vasopressin timing, dosing, and titration strategies, which the
presented study described. In addition, exclusion of patients requiring additional/alternative vasoactive
agents was not done by McIntyre et al. and minimizes the potential for confounding in the presented
study.

In contrast, a retrospective cohort study by Reardon et al., demonstrated initiation of vasopressin within
six hours of septic shock onset was associated with a signi�cantly lower incidence of NOA compared to
later initiation (37 vs 63%; p < 0.01) (23). The stark difference in the incidence of NOA between Reardon et
al. and our study may be secondary to differences in patient population and de�nitions of history of



Page 7/16

arrhythmias and/or NOA. Higher APACHE II scores and rates of alternative vasoactive agent use highlight
important differences between Reardon et al. and our study. The presented study focused on the most
common vasoactive agents in septic shock, norepinephrine and vasopressin, to minimize confounders.
Further, Reardon et al. provided minimal detail surrounding identi�cation of patients’ history of cardiac
arrhythmias. In contrast, the presented study, �rst, utilized historical ICD information to exclude patients
with a history of NOA. Further, inclusion of pertinent medication administration data before septic shock
onset allowed exclusion of patients not identi�ed via ICD review or who developed a NOA secondary to an
unrelated cause. Finally, Reardon et al. similarly classi�ed NOA; however, our study required EKG or
telemetry evidence and was reviewed and con�rmed by a board-certi�ed cardiologist, in addition to
administration of an anti-arrhythmic or rate control agent. This was done to ensure a focus on clinically
relevant NOA and minimize potential charting or administrative errors. Notably, variable incidence of NOA
has been observed across prior critical care and sepsis literature due to heterogeneity of study design,
patient populations, disease severity, and arrhythmia identi�cation strategies (7).

We conducted a multivariable logistic regression analysis to control for confounders and identify
potential predictors of NOA in septic shock patients with no history of cardiac arrhythmias. This analysis
failed to reveal a signi�cant association between time to vasopressin initiation and the incidence of NOA.
To our knowledge, this is the �rst study to incorporate time to vasopressin initiation in a predictive model
for NOA. In a recent meta-analysis, Bosch et al. observed vasopressor use was associated with a greater
than 50% change in odds of NOAF (7). Several other sepsis-related risk factors were identi�ed as
potential targets for NOAF prevention. Our study’s inclusion of vasopressin initiation and timing built
upon their �ndings and should serve as a basis for future study.

Although our study was not powered to detect a mortality difference, we observed a statistically
signi�cant association between early vasopressin initiation and reduced in-hospital mortality. Prospective
and retrospective evaluations of norepinephrine with or without adjunctive vasopressin as well as
norepinephrine vs vasopressin monotherapy, which are not directly applicable to our study, have yielded
con�icting results related to mortality. Reardon and colleagues reported a higher overall incidence of in-
hospital mortality, but no signi�cant difference between early vs late vasopressin administration (89% vs.
89%, p = 1.0) (23). These results contradict our study’s �ndings but are likely driven by prior described
differences in severity of illness and vasopressor prescribing practices. Patients in this study represented
an acute-on-chronically ill, refractory shock population, as evidenced by median Charlson Comorbidity
Index and mAPACHE II score of 5 and 21 in both groups, respectively, and baseline rates of mechanical
ventilation over 90% in both groups. While well-matched in these respects, numeric differences in MAP at
septic shock onset, adjunctive corticosteroid use, and need for new RRT receipt may suggest a more
severely ill patient population in the late vasopressin group and account for the observed mortality
difference between groups.

Alternatively, the signi�cantly longer time to initiation of vasopressin and total norepinephrine exposure
may re�ect a cohort receiving vasopressin as salvage therapy later during septic shock. Furthermore, the
higher incidence of RRT in the late vasopressin group may relate to the higher mortality observed
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re�ecting the hypothesis of a more severely ill population in the late vasopressin group. While study
design precludes the ability to determine causality in this regard, the �nding associated with this
secondary outcome and others remains hypothesis-generating.

The current study had several strengths. To date, it was the largest study to assess the effect of early
administration of vasopressin on NOA in septic shock patients with no history of cardiac arrhythmias
treated with only norepinephrine and vasopressin. It attempted to minimize and control for factors known
or likely to contribute to NOA development in sepsis/septic shock via stringent inclusion and exclusion
criteria and the use of a multivariable logistic regression analysis inclusive of novel details surrounding
vasopressin timing. This study’s internal validity was strengthened by the novel approach employed to
ensure NOA events were both clinically relevant and truly new onset. The use of a historical ICD-9/10
code query combined with medication administration, clinical, EKG, and/or telemetry correlation by a
board-certi�ed cardiologist re�ects methodology not described previously.

Limitations of this study include �rst, the observed low incidence of the primary outcome compared to
some prior literature, which limited the scope of our statistical analysis. In order to avoid co-linearity and
over�tting the regression model, investigators limited the number of included covariates, despite it being
likely that many factors contributed to NOA in septic shock patients. Second, the utilized de�nitions for
history of cardiac arrhythmias and NOA may still have allowed for inclusion of patients inappropriately
and/or failure to capture NOA events because patients did not have prior documented ICD codes within
the 15-hospital health system, did not require clinical intervention, and/or lacked telemetry, EKG, or other
clinical support on manual chart review. Third, the study spanned eight years in which temporal changes
in vasopressin prescribing and clinical outcomes were possible. While an expected trend toward reduced
mortality was observed during the study timeframe, no noticeable temporal patterns related to
vasopressin timing or incidence of NOA were observed. Other limitations of this study remained inherent
to its retrospective, single-center design. These included limited generalizability to patients less severely
ill, admitted to non-medical or surgical ICUs or requiring additional/alternative vasopressor or inotropic
agents. Lastly, the study design precluded the ability to control for all confounding and/or biases that
may occur within an institution that lacked any formal restrictions surrounding vasopressin
administration.

Conclusions
Among septic shock patients treated with vasopressin and norepinephrine, initiation of vasopressin
within six hours of septic shock onset was not associated with a decreased incidence of NOA. Future,
prospective studies are needed to further elucidate the role of vasopressin timing on NOA and other
clinical outcomes.  
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IV: Intravenous
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MAP: Mean arterial pressure
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NOA: New-onset arrhythmia

NOAF: New-onset atrial �brillation
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RR: Relative risk
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ble 1. Baseline Characteristicsa  
Early Group

(n=220)
Late Group

(n=216)
Median

Difference
(95% CI)b

p-value

e, years 61 (50-68) 60 (50-67) -1 (-3 to 2) 0.66
ale 110 (50.0) 107 (49.5) -0.50 (-9.8 to

8.9)
0.92

ce
Caucasian
African American
Other/Unknown

 
149 (67.7)
56 (25.5)
15 (6.8)

 
137 (63.4)
67 (31.0)
12 (5.6)

 
-4.3 (-13.2 to

4.6)
5.6 (-2.9 to

14.0)
-1.3 (-5.8 to

3.3)

 
0.35
0.20
0.58

ight, cm 170 (163-
180)

170 (163-
178)

0 (-3 to 2) 0.63

eight, kg 81 (62-104) 79 (61-101) -2 (-7 to 4) 0.59
MI, kg/m2 27.5 (22.0-

34.2)
27.0 (22.7-

35.8)
-0.50 (-2.60 to

1.50)
0.63

odified APACHE II score 21 (18-25) 21 (17-24) 0 (-1 to 1) 0.33
arlson comorbidity index 5 (3-7) 5 (3-7) 0 (-1 to 0) 0.25
mitted from emergency
partment

123 (55.9) 129 (59.7) 3.8 (-5.5 to
13.1)

0.42

ys from admit to septic shock
set

0 (0-3) 0 (0-4) 0 (0 to 0) 0.07

echanical ventilation at septic
ock onset

206 (93.6) 194 (89.8) -3.8 (-9.0 to
1.3)

0.15

modynamics at septic shock onset
Heart rate, bpm
Systolic blood pressure, mmHg
Diastolic blood pressure,
mmHg
Mean arterial pressure, mmHg

 
107 (89-

121)
91 (79-107)
47 (40-57)
62 (54-74)

 
103 (87-

118)
94 (82-106)
50 (43-57)
65 (58-72)

 
-2 (-7 to 2)
3 (-1 to 6)
2 (0 to 5)
2 (0 to 4)

 
0.29
0.16
0.06
0.05

ection sourcec

Central nervous system
Bacteremia
Bone and joint
Pulmonary
Urinary
Intra-abdominal
Skin/soft tissue
Other
Multiple sources
Fungemia

 
2 (1.3)

96 (60.8)
6 (3.8)

55 (34.8)
55 (34.8)
12 (7.6)

29 (18.4)
3 (1.9)

72 (45.6)
7 (4.4)

 
7 (4.2)

93 (56.0)
4 (2.4)

64 (38.6)
57 (34.3)
18 (10.8)
34 (20.5)

3 (1.8)
76 (45.8)
12(7.2)

 
3.0 (-1.0 to 6.5)

-4.7 (-15.5 to
6.0)

-1.4 (-5.2 to
2.4)

3.7 (-6.8 to
14.2)

-1.0 (-10.8 to
9.9)

3.2 (-3.1 to 9.6)
2.1 (-6.5 to

10.7)
-0.10 (-3.0 to

2.8)
0.20 (-10.6 to

11.1)
2.8 (-2.3 to 7.9)

 
0.18
0.39
0.53
0.49
0.93
0.31
0.63

1
0.97
0.28

propriate empiric antimicrobial
atment

195 (88.6) 189 (87.5) -1.1 (-7.2 to
4.9)

0.36

sitive fluid balance on day one of
ptic shock

205 (94.5) 196 (92.0) -2.5 (-7.2 to
2.3)

0.31

t fluid balance on day one of
ptic shock, L

3.9 (1.8-6.1) 3.7 (1.7-6.9) -0.03 (-0.66 to
0.61)

0.91

ceipt of adjunctive stress-dose
rticosteroids

98 (44.5) 92 (42.6) -2.0 (-11.3 to
7.4)

0..68

tassium nearest septic shock
set, mmol/L

4.2 (3.6-4.8) 4.1 (3.7-4.8) 0.0 (-0.10 to
0.20)

0.80

agnesium nearest septic shock
set, mmol/L

1.9 (1.7-2.3) 2.0 (1.7-2.4) 0.10 (0.0 to
0.20)

0.28
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me to initiation of vasopressin,
urs

2 (1-4) 17 (10-45) 15 (14 to 18) <0.001

ontinuous data reported as median (IQR); categorical data reported as n (%)
eflects the estimated median difference between large vs. early groups via Hodges-
hmann method for continuous data and median absolute difference between late vs. early
oups via z-test for categorical data
enominators reflective of patients with evaluable culture data. Early group n=158; Late
oup n=166
ACHE: acute physiology and chronic health evaluation; BMI: body mass index; ICU:
ensive care unit

 
TABLE 2. Primary and Secondary Outcomesa

 Early
Vasopressin 
Group
(n=220)

Late
Vasopressin 
Group
(n=216)

Difference
(95% CI)b

p-value

Primary Outcome  
Incidence of NOA, n (%) 20 (9.1) 15 (6.9) -2.1 (-7.2 to

3.0)
0.41

Secondary Outcomes  
Incidence of SVT, n (%)c 17 (85.0) 13 (86.7) 1.7 (-21.8 to

25.1)
0.89

Incidence of VT, n (%)c 2 (10.0) 2 (13.3) 3.3 (-18.0 to
24.6)

1.0

Incidence of SVT and VT, n (%)c 1 (5.0) 0 (0.0) -5.0 (-16.2 to
6.2)

N/A

Multiple arrhythmias, n (%) 7 (35.0) 7 (46.7) 11.7 (-21.1 to
44.5)

0.49

Shock duration, days 2 (1-3) 4 (2-6) 2 (1 to 2) <
0.001

ICU length of stay, days 6 (2-13) 7 (4-14) 1 (0 to 2) 0.02
Hospital length of stay, days 11 (5-23) 13 (7-24) 1 (-1 to 3) 0.19
In-hospital mortality, n (%) 90 (40.9) 128 (59.3) 18.4 (9.0 to

27.7)
<

0.001
New renal replacement therapy, n
(%)

24 (10.9) 46 (21.3) 10.4 (3.5 to
17.3)

<
0.001

Maximum norepinephrine dose,
mcg/kg/min

0.41 (0.27-
0.73)

0.46 (0.28-
0.76)

0.04 (-0.01 to
0.06)

0.18

Maximum vasopressin dose,
units/min

0.04 (0.04-
0.04)

0.04 (0.04-
0.04)

0.00 (0.00 to
0.00)

0.31

Total norepinephrine exposure,
hours

42 (18-80) 81 (43-146) 34 (24 to 44) <0.001

Total vasopressin exposure, hours 20 (8-42) 23 (10-44) 3 (-1 to 6) 0.23
Time to NOA from septic shock
onset, days

1 (0-2) 1 (0-7) 0 (-2 to 1) 0.64

Time to NOA from vasopressin
initiation, days

0 (0-2) 2 (0-5) -1 (-3 to 0) 0.15

aData reported as median (IQR), unless otherwise noted
bReflects the estimated median difference between large vs. early groups via Hodges-Lehmann
method for continuous data and median absolute difference between late vs. early groups via
z-test for categorical data
cDenominator reflective of total number of new-onset arrhythmias in each group
ICU: intensive care unit, NOA: new-onset arrhythmia, SVT: supraventricular tachycardia, VT:
ventricular tachycardia
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Table 3. Multivariable Logistic Regression Analysis for New-Onset Arrhythmias 
 Adjusted Odds

Ratio
95% Confidence
Interval

p-
value

Time to vasopressin initiation, hours 0.97 0.95-1.00 0.06
Modified APACHE II score 1.07 1.00-1.15 0.07
Maximum dose norepinephrine,
mcg/kg/min

1.05 0.61-1.78 0.88

Adjunctive corticosteroid receipt 1.06 0.51-2.19 0.88
MAP at time of septic shock, mmHg 1.00 0.98-1.03 0.87
Total norepinephrine exposure, hours 1.00 1.00-1.01 0.07

APACHE: acute physiology and chronic health evaluation, MAP: mean arterial pressure
 

Figures

Figure 1

Consort Diagram for Cohort Inclusion.
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Figure 2

Kaplan-Meier of Time to New-Onset Arrhythmia from Septic Shock Onset
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