American Journal of Emergency Medicine 84 (2024) 111-119

Contents lists available at ScienceDirect The

American Journal of
Emergency Medicine

American Journal of Emergency Medicine

journal homepage: www.elsevier.com/locate/ajem

A dynamic online nomogram predicting post-traumatic arrhythmias: L)

Check for

A retrospective cohort study

Jianmei Long *“!, Xiaohui Liu !, Shasha Li %, Cui Yang?, Li Li*<, Tianxi Zhang **, Rujun Hu, PhD >¢¢*

2 Department of Emergency, Affiliated Hospital of Zunyi Medical University, Zunyi, Guizhou, China

b Department of Critical Care Medicine, Affiliated Hospital of Zunyi Medical University, Zunyi, Guizhou, China
¢ Nursing School of Zunyi Medical University, Zunyi, Guizhou, China

d Department of Nursing, Affiliated Hospital of Zunyi Medical University, Zunyi, Guizhou, China

ARTICLE INFO ABSTRACT
Article history: Background: A nomogram is a visualized clinical prediction models, which offer a scientific basis for clinical
Received 4 April 2024 decision-making. There is a lack of reports on its use in predicting the risk of arrhythmias in trauma patients.
Received in revised form 25 July 2024 This study aims to develop and validate a straightforward nomogram for predicting the risk of arrhythmias in
Accepted 26 July 2024 trauma patients.

- Methods: We retrospectively collected clinical data from 1119 acute trauma patients who were admitted to the
!;fﬁv rg;ds' Advanced Trauma Center of the Affiliated Hospital of Zunyi Medical University between January 2016 and May

2022. Data recorded included intra-hospital arrhythmia, ICU stay, and total hospitalization duration. Patients
were classified into arrhythmia and non-arrhythmia groups. Data was summarized according to the occurrence
and prognosis of post-traumatic arrhythmias, and randomly allocated into a training and validation sets at a ratio
of 7:3. The nomogram was developed according to independent risk factors identified in the training set. Finally,
the predictive performance of the nomogram model was validated.
Results: Arrhythmias were observed in 326 (29.1%) of the 1119 patients. Compared to the non-arrhythmia group,
patients with arrhythmias had longer ICU and hospital stays and higher in-hospital mortality rates. Significant
factors associated with post-traumatic arrhythmias included cardiovascular disease, catecholamine use, glasgow
coma scale (GCS) score, abdominal abbreviated injury scale (AIS) score, injury severity score (ISS), blood glucose
(GLU) levels, and international normalized ratio (INR). The area under the receiver operating characteristic curve
(AUC) values for both the training and validation sets exceeded 0.7, indicating strong discriminatory power. The
calibration curve showed good alignment between the predicted and actual probabilities of arrhythmias. Deci-
sion curve analysis (DCA) indicated a high net benefit for the model in predicting arrhythmias. The Hosmer-
Lemeshow goodness-of-fit test confirmed the model's good fit.
Conclusion: The nomogram developed in this study is a valuable tool for accurately predicting the risk of post-
traumatic arrhythmias, offering a novel approach for physicians to tailor risk assessments to individual patients.
© 2024 Published by Elsevier Inc.
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1. Introduction

Cardiac arrhythmias are characterized by abnormal frequencies,
rhythms, origin sites, conduction velocities, or excitation sequences
of heartbeats. Studies have demonstrated a clear association be-
tween arrhythmias and increased mortality rates and poor long-
term outcomes in patients with burns [1], critical illnesses [2],
gout [3], and chronic obstructive pulmonary disease [4]. Notably,
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the incidence of post-traumatic arrhythmias is approximately 28%
[5], with critically injured trauma patients experiencing an even
higher incidence of up to 44% [1]. This significantly complicates
the treatment of trauma patients in hospital settings. Previous re-
search indicates that post-traumatic arrhythmias substantially in-
crease the risk of in-hospital myocardial infarction and
cerebrovascular accidents, leading to prolonged intensive care and
hospital stays, higher healthcare costs, and elevated mortality
rates [6,7]. Despite the strong link between arrhythmias and poor
prognosis in trauma patients, this issue has not received sufficient
attention in clinical practice. Currently, there is a lack of relevant
risk assessment and prediction tools to guide clinical decision-
making in this context.
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The nomogram prediction model calculates a patient's risk score for
experiencing endpoint events by integrating multiple predictive factors.
It offers the advantages of visualization and convenience, with unique
strengths in predicting clinical adverse events [8]. In recent years, no-
mograms have been widely applied in trauma patients, including
predicting pelvic arterial hemorrhage [9], assessing the risk of pulmo-
nary complications [10], and evaluating patient prognosis [11], all dem-
onstrating excellent predictive performance and clinical utility.

The authors hypothesize that a nomogram could serve as an effec-
tive tool for assessing the risk of post-traumatic arrhythmias. Therefore,
the objective of this study is to develop a simple and convenient dy-
namic nomogram for predicting the risk of arrhythmias in trauma
patients. This tool aims to enable medical staff to promptly identify
high-risk populations, facilitating timely interventions and preventing
further complications.

2. Methods
2.1. Study population

This study is a retrospective cohort study. We retrospectively exam-
ined the medical records of patients aged 18 years or older who were
admitted to the Advanced Trauma Center of the Affiliated Hospital of
Zunyi Medical University for acute trauma treatment between January
2016 and May 2022. The exclusion criteria were as follows:
(a) admission >48 h after the occurrence of the trauma; (b) absence
of electrocardiogram examination results; (c) presence of congenital
heart disease, concomitant heart valvular disease, or pre-existing thy-
roid dysfunction; (d) incomplete medical records; (e) patients with ma-
lignant tumors, autoimmune diseases, or those who were pregnant or in
the lactation period at the time of acute trauma. All procedures in this
study adhered to the principles outlined in the Helsinki Declaration.
The research protocol received approval from the ethics committee of
the Affiliated Hospital of Zunyi Medical University (KLLY-2022-080).
Due to the retrospective nature of this study, and with data
anonymization performed prior to analysis, the need for informed con-
sent was waived.

2.2. Data collection

Data collection was finalized between January 2023 and November
2023. We gathered general information, clinical features, and laboratory
test results from the electronic medical record system. The vital signs
and laboratory tests analyzed in this study were based on the initial re-
cords within the first 24 h following hospital admission. General infor-
mation included age, gender, and comorbidities such as diabetes and
cardiovascular diseases. Clinical features comprised systolic blood pres-
sure (SBP), temperature, glasgow coma score (GCS), head and neck in-
jury, facial injury, thoracic injury, abdominal injury, extremity and
pelvic injury, injury severity score (ISS), intensive care unit (ICU) length
of stay, hospital length of stay, and the occurrence of in-hospital ar-
rhythmia or death. Laboratory tests included blood potassium, blood
calcium, blood magnesium, albumin (Alb), glucose (GLU), creatine
kinase-MB (CK-MB), hypersensitive C-reactive protein (CRP), hemoglo-
bin, international normalized ratio (INR), prothrombin time (PT), and
platelet count. Additionally, the treatments administered during hospi-
talization, such as catecholamine treatment (included dopamine, nor-
epinephrine, and epinephrine), blood transfusion, and intravenous
infusion, were documented. Trauma patients were categorized into ei-
ther the arrhythmia group or the non-arrhythmia group based on the
presence or absence of arrhythmia during hospitalization. For missing
data, including blood calcium (0.4%), blood magnesium (0.4%), blood
glucose (2.9%), CK-MB (20.7%), INR (1.0%), PT (0.8%), and platelet
count (0.2%), imputation was performed using a multiple imputation
model. However, due to a CRP missing rate exceeding 21%, it was
excluded from the analysis.
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2.3. Statistical analysis

The measurement data were expressed as mean 4+ standard devia-
tion (SD) if normally distributed and compared using the t-test. If the
measurement data were non-normally distributed, they was presented
as median (first quartile-third quartile), and the Mann-Whitney U test
was used for intergroup comparison. Categorical data, represented as
counts and percentages (%), were compared using the chi-square test
or Fisher's exact test. The entire dataset was randomly divided into a
training set and a validation set in a 7:3 ratio. Potential risk factors
were identified through univariate analysis on the training set data,
and variables with statistically significant differences (P < 0.05) were
further subjected to multicollinearity analysis and multivariate logistic
regression analysis. The results of multivariate logistic regression analy-
sis were expressed as odds ratio (OR) and 95% confidence interval (CI).
A nomogram was constructed based on the results of the multivariate
logistic regression analysis to predict the risk of post-traumatic arrhyth-
mias. To assess the discrimination ability and accuracy of the model, the
area under the receiver operating characteristic curve (AUC) and the
calibration curve were utilized. Decision curve analysis (DCA) was em-
ployed to evaluate the clinical application value of the predictive model.
Furthermore, the goodness-of-fit of the predictive model was assessed
using the Hosmer-Lemeshow test. A two-tailed P < 0.05 was considered
statistically significant. Statistical analyses were performed using SPSS
29.0 (IBM Corp., Armonk, NY, USA, Version 29.0) and R software
(version 4.3.0).

3. Results
3.1. Characteristics of patients

A total of 1119 eligible patients, comprising 781 males and 338 fe-
males, were enrolled in this study. The average age of the participants
was 48.42 + 15.53 years. During hospitalization, arrhythmia developed
in 326 patients (29.1%), with sinus tachycardia being the most common,
followed by sinus bradycardia, cardiac block, atrial and ventricular ar-
rhythmias, including severe arrhythmias such as atrioventricular
block, ventricular tachycardia, atrial fibrillation, ventricular fibrillation,
and cardiac arrest (Table 1). Compared to non-arrhythmia patients,
those with arrhythmias experienced a longer stay in the ICU and an ex-
tended overall hospital stay, as well as a higher in-hospital mortality
rate (Table 2). The entire dataset was randomly divided into a training
set (783 cases) and a validation set (336 cases) at a 7:3 ratio. Only
two variables, namely head and neck injuries and facial injuries, exhib-
ited significant differences between the two groups, while the other
variables did not show statistically significant differences (Table 3).

3.2. Risk factors for post-traumatic arrhythmias

Conducting univariate analysis on the 783 patients in the training set
(Table 4) revealed that 24 factors were associated with the risk of ar-
rhythmia in trauma patients. These factors included age, temperature,
SBP, history of cardiovascular disease, blood transfusion, total blood
transfusion volume, red blood cell transfusion (>10u within 24 h after
admission), platelet transfusion, infusion of crystal fluid (>3000 ml
within 24 h after admission), catecholamine treatment, GCS, head and
neck injuries, thoracic injuries, abdominal injuries, ISS, calcium, Alb,
GLU, CK-MB, hemoglobin, INR, PT, and platelet count. Considering the
presence of arrhythmia as the dependent variable, a multicollinearity
analysis was performed on the 24 variables with statistical significance
in univariate analysis. The results indicated that the tolerance of each
variable ranged from 0.203 to 0.933, all exceeding 0.1. Furthermore,
the variance inflation factor (VIF) ranged from 1.071 to 4.920, with all
VIF values <10, indicating an absence of multicollinearity among vari-
ables. Subsequently, the aforementioned 24 variables were considered
as independent variables for multiple logistic regression analysis
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Table 1
General information of study subjects (n = 1119).
General information n (%)
Gender
Male 781 (69.8)
Female 338 (30.2)
Age (years)
<35 232 (20.7)
36-60 656 (58.6)
>61 231 (20.6)
ISS
<16 612 (54.7)
16-24 278 (24.8)
>25 229 (20.5)
Cardiac arrhythmia
Yes 326 (29.1)
No 793 (70.9)
Type of arrhythmia
Sinus tachycardia 176 (53.99)
Sinus bradycardia 49 (15.03)
Bundle branch block 42 (12.88)
Atrioventricular block 7 (2.15)

Atrial fibrillation 16 (4.90)
Atrial premature beats 24 (7.36)
Ventricular premature beats 17 (5.21)
Sinus arrhythmia 18 (5.52)

Bigeminy (
Ventricular preexcitation 2(
Ventricular fibrillation 2(
Ventricular tachycardia 2(0.61)
Cardiac arrest 2(
Atrial flutter 2(
Escape beat 1(

Abbreviations: ISS, injury severity score.

(Table 5). The outcomes revealed that a history of cardiovascular dis-
ease, use of catecholamines, GCS score < 8, abdominal AIS score > 3,
high ISS score, elevated GLU levels, and high INR were identified as inde-
pendent predictors of arrhythmia in trauma patients (P < 0.05).

3.3. The establishment and validation of a nomogram

Based on the results of the multivariate logistic regression analysis,
we developed a risk prediction nomogram for trauma patients with ar-
rhythmias (Fig. 1A). To enhance usability for clinical medical staff, a dy-
namic nomogram was also generated, accessible online at https://
longjianmeidynnom.shinyapps.io/Arrhythmia_DynNom/ (Fig. 1B illus-
trates the operation interface). The ROC curve of the nomogram model
indicated that the AUC for the training and validation sets were 0.756
(95%Cl1,0.717-0.795) and 0.757 (95% CI, 0.699-0.815), respectively, sig-
nifying high discriminatory power (Fig. 2). The calibration curve results
indicate that the calibration prediction probability curves for both the
training and validation datasets closely approximate the ideal predic-
tion curve. Additionally, the average absolute error between the pre-
dicted and actual risk of arrhythmia occurrence for the nomogram
model was 0.012 (training set) and 0.036 (validation set) (Fig. 3). The
predicted values closely match the actual values, indicating good

Table 2
Comparison of prognosis between the two groups of patients.
Program Arrhythmia Non-arrhythmia 7/ Pvalue
(n=326) (n=793)
Length of stay
ICU (days) 0(0,5) 0(0,0) —11.132 <0.001
Hospital (days) 15(8,28) 12(7,19) —4.407 <0.001
In-hospital mortality, 22 (6.7) 5(0.6) 36.724 <0.001
n(%)
Abbreviations: ICU, intensive care unit.
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Table 3
The characteristic of training set and validation set (n = 1119).
Characteristic Training set Validation set Pvalue
(n = 783) (n = 336)
Cardiac arrhythmia, n(%) 234 (29.9) 92 (27.4) 0.398
Gender, n(%) 0.942
Male 547 (69.9) 234 (69.6)
Female 236 (30.1) 102 (30.4)
Age, years, n(%) 0.898
<35 165 (21.1) 67 (19.9)
36-60 456 (58.2) 200 (59.5)
261 162 (20.7) 69 (20.5)
Temperature, °C, n(%) 0.454
<36 13 (1.7) 4(1.2)
36-37.2 733 (93.6) 322 (95.8)
37.3-39 35 (4.5) 9 (2.7)
>39 2(0.3) 1(0.3)
SBP, mmHg, n(%) 0.860
<90 44 (5.6) 18 (54)
>90 739 (94.4) 318 (94.6)
Cardiovascular disease, n(%) 69 (8.8) 33(9.8) 0.591
Diabetes, n(%) 20 (2.6) 8(24) 0.865
Blood transfusion, n(%) 206 (26.3) 84 (25.0) 0.647
Total blood transfusion volume, ml 0.0 (0.0,400.0) 0.0 (0.0,0.0) 0.499
Red blood cell transfusion (>10u 17 (2.2) 9(2.7) 0.606
within 24 h after admission), n(%)
Platelet transfusion, n(%) 8(1.0) 2(0.6) 0.732
Infusion of crystal fluid (>3000 ml 321 (41.0) 134 (39.9) 0.728
within 24 h after admission), n(%)
Catecholamine treatment, n(%) 24 (3.1) 7(2.1) 0.359
GCS, n(%) 0.069
>8 743 (94.9) 327 (97.3)
<8 40 (5.1) 9 (2.7)
Head and neck injuries, n(%) 0.029
AlS < 3 569 (72.7) 265 (78.9)
AlS 23 214 (27.3) 71 (21.1)
Facial injuries, n(%) 0.039
AlS <3 764 (97.6) 334 (99.4)
AIS > 3 19 (2.4) 2 (0.6)
Thoracic injuries, n(%) 0.483
AlS < 3 439 (56.1) 196 (58.3)
AlS > 3 344 (43.9) 140 (41.7)
Abdominal injuries, n(%) 0.328
AlS <3 739 (94.4) 312 (92.9)
AIS > 3 44 (5.6) 24 (7.1)
Extremity and pelvic injury, n(%) 0.673
AlS <3 585 (74.7) 247 (73.5)
AIS > 3 198 (25.3) 89 (26.5)
ISS, n(%) 0.165
<16 416 (53.1) 196 (58.3)
16-24 196 (25.0) 82 (24.4)
225 171 (21.8) 58 (17.3)
Potassium, mmol/L 3.83 (3.60,4.10) 3.82(3.60,4.10) 0.830
Calcium, mmol/L 2.19 (2.10,2.28) 2.20(2.11,2.29) 0.105
Magnesium, mmol/L 0.85(0.79,0.91) 0.85(0.79,0.91) 0.761
Alb, g/L 38.1 (35.1,41.1) 38.8(35.1,41.3) 0.099
GLU, mmol/L 6.58 (5.66,7.76) 6.51(5.79,7.70) 0.626
CK-MB, U/L 24 (17, 39) 23 (16, 35) 0.064
Hemoglobin, g/L 127 (112,142) 130(113,144) 0.229
INR 0.89 (0.82,0.97) 0.89(0.81,0.96) 0.249
PT, s 10.7 (9.8,12.3)  10.65(9.7,12.1) 0312
Platelet, “10°/L 191 (153,234) 201 (153,238) 0.257

Data are expressed as medians with interquartile ranges for continuous variables and n
(%) for categorical variables.

Abbreviations: SBP, systolic blood pressure; GCS, glasgow coma scale; AlS, abbreviated in-
jury scale; ISS, injury severity score; Alb, albumin; GLU, glucose; CK-MB, creatine kinase-
MB; INR, international normalized ratio; PT, prothrombin time.

accuracy. DCA results revealed that for the training set, when the
threshold probability ranged from 17% to 100%, the net benefit was con-
sistently >0. Similarly, for the validation set, the net benefit remained
>0 within a threshold probability range of 11% to 96%, indicating the
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Table 4
Univariate analysis of risk factors for post-traumatic arrhythmias (n = 783).
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Table 5
Multivariate logistic regression analysis of risk factors for post-traumatic arrhythmias
(n=1783).

Variables Arrhythmia Non-arrhythmia P value
(n = 234) (n = 549) Variables Bvalue OR (95% CI) Pvalue
Gender, n(%) 0.347 Cardiovascular disease
Male 169 (72.2) 378 (68.8) No Reference 1.000
Female 65 (27.8) 171 (31.1) Yes 0.654 1.923 (1.087-3.400) 0.025
Age, years, n(%) 0.026 Catecholamine treatment
<35 49 (20.9) 116 (21.1) No Reference 1.000
36-60 123 (52.6) 333 (60.7) Yes 1.440 4222 (1.188-14.997) 0.026
>61 62 (26.5) 100 (18.2) s
Temperature, °C, n(%) 0.001 >8 Reference 1.000
<36 9(3.8) 4(07) <8 1.149 3.154 (1.224-8.126) 0.017
36-37.2 207 (88.5) 526 (95.8) Abdominalinjuries
37.3-39 17 (7.3 18 (33
=39 1 (éA)) 1 ((().2)) AlS <3 Reference 1.000
AIS > 3 1.036 2.817 (1.316-6.032) 0.008
SBP, mmHg, n(%) 0.001 s
<90 23 (9.8 21 (3.8
>90 21 1( (90).2) 528( (96;.2) <16 Reference 1.000
Cardiovascular disease, n(%) 32 (13.7) 37 (6.7) 0.002 15;24 ?;zg gggi gi;g'zgg; 0'8%101
Diabetes, n(%) 9(3.8) 11 (2.0) 0.135 2 : - 436-6. <b
Blood transfusion, n(%) 98 (41.9) 108 (19.7) <0.001 GLU, mmol/L 0.117 1125 (1.043-1.213) 0.002
Total blood transfusion 0(0,1125) 0(0,0) <0.001 INR 1.782 5943 (1.721-20.527) 0.005
volume, ml ) Abbreviations: GCS, glasgow coma scale; AlS, abbreviated injury scale; ISS, injury severity
Red blood cell transfusion (210u 12 (5.1) 5(0.9) <0.001 score; GLU, blood glucose; INR, international normalized ratio.
within 24 h after admission),
n(%)
Fl?te!et tr?nsmi‘cl";l' ‘?é%) ?2(52'?5)3 " ?ég'gs 7 2'810%1 nomogram prediction model's robust clinical application value (Fig. 4).
nrusion or crystal fui X . . e . .
(23000 ml Wihm 24 h after In addition, the Hosmer-Lemeshow goodness-of-fit test indicated favor-
admission), n(%) able goodness of fit for both the training set (y*> = 5.077, P = 0.749)
Catecholamine treatment, n(%) 20 (8.5) 4(0.7) <0.001 and the validation set ( y*> = 10.574, P = 0.227), suggesting that the
GCS, n(%) <0.001 model exhibits good fit in both the training and validation datasets.
>8 201 (85.9) 542 (98.7)
<8 33 (14.1) 7(13) . .
4. Discussion
Head and neck injuries, n(%) <0.001
2;2 >< 33 ;26(‘(‘?89‘;) ﬁ’z g??; Arrhythmia is a common complication in trauma patients [12]. This
N ’ ’ study observed an incidence of arrhythmia in trauma patients at 29.1%,
ial injuries, n(% - which closely aligns wi e findings of Meyers et al. [5]. The results o
Facial injuries, n(%) 0.870 hich closely alig th the findings of Mey t al. [5]. Th Its of
Qg >< 33 22(2 (69;7‘4) ‘;’36(2(%'6) this study show that arrhythmias include sinus tachycardia, sinus bra-
N ' ’ dycardia, premature beats, atrioventricular block, atrial fibrillation, ven-
Thoracic injuries, n(%) <0.001 tricular fibrillation, and complete heart block, among other types.
Z\g >< 33 ?Z G(E(Zﬂ) ?g; Egé'?; Among these, the most frequent occurrence is sinus tachycardia. Previ-
N ’ ' ous studies [13] indicate that the occurrence of arrhythmias increases
Abdominal injuries, n(%) <0.001 the risk of adverse events in trauma patients, prolongs ICU and total
2}2 >< 33 ;?3(1(262'?) ?36(2(17)'6) hospital stays, increases hospitalization costs, and raises the risk of pa-
N ’ ’ tient mortality. This study also demonstrates that patients with post-
Extremity and pelvic injury, n(%) 0.882 traumatic arrhythmias have longer ICU stays, longer total hospitaliza-
Z\g 533 613(7)4(5?2?) ‘g; gg?; tion times, and higher mortality rates. Early risk identification and
N ’ ' timely management of high-risk factors are crucial for the prevention
IS5, n(%) <0.001 and treatment of post-traumatic arrhythmias. The results of this study
]<61_62 4 gs Eggé; fgg Eggg; indicate that a history of cardiovascular disease, use of catecholamines,
25 101 (4'3.2) 70 (12.5) GCS score < 8, abdominal AlS score > 3, high ISS score, elevated GLU
Potassium, mmol/L 3.81(3.57,4.12) 3.84 (3,615, 0.573 levels, and high INR are independent risk factors for arrhythmias in
4.095) trauma patients. A nomogram was developed utilizing these variables
ﬁ‘lc‘”m; mmol/L " 3-;? Eé";g' (2);5]5; gég E;-;év 3'3?; g?f(?] to dynamically assess patients for the risk of arrhythmia. Model valida-
agnesium, mmo . .70, 0. . .oV, 0. . . e . .
Alb, g/L 37.10 (3295, 38,60 (35.90, <0.001 tion demons.trfalted that. the.r.lomogram exhibits robust predictive power
4023) 41.60) and holds clinical applicability.
GLU, mmol/L 7.26 (596,9.23)  6.40(5.59,7.39)  <0.001
CK-MB, U/L 28 (18, 49) 23 (17,35) <0.001 4.1. Analysis of risk factors for post-traumatic arrhythmia
Hemoglobin, g/L 124(103,141)  129(115,142)  0.003
INR 0.92 (0.85,1.00)  0.88 (0.81,0.96)  <0.001 . . . . . . .
PT 111 ElO.l, 12_8; 105 59_7' 121 )) <0001 This study 1dent.1ﬁed a cardlpvascular history as a 51gn1ﬁce.1nt pfedlc-
Platelet, *10%/L 181 (136, 228) 197 (157, 237) 0.007 tor of post-traumatic arrhythmia (OR = 1.923, P < 0.05). Agnihotri et al.

Data are expressed as medians with interquartile ranges for continuous variables and n
(%) for categorical variables.

Abbreviations: SBP, systolic blood pressure; GCS, glasgow coma scale; AlS, abbreviated in-
jury scale; ISS, injury severity score; Alb, albumin; GLU, glucose; CK-MB, creatine kinase-
MB; INR, international normalized ratio; PT, prothrombin time.
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[14] demonstrated that patients with hypertension and congestive
heart failure, as opposed to those without a cardiovascular history,
had a markedly higher incidence of atrial fibrillation, aligning with the
findings of this study. The rationale may be that individuals with a his-
tory of cardiovascular disease often exhibit damaged and hardened
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Fig. 1. A nomogram prediction model for arrhythmia in trauma patients (A); Online dynamic nomogram(B). according to the dynamic nomogram shown, the risk of arrhythmia in this
patient was approximately 74.0%. Abbreviations: GCS, glasgow coma scale; AlS, abbreviated injury scale; ISS, injury severity score; GLU, blood glucose; INR, international normalized ratio.

blood vessels, altered coronary microcirculation structure, and observa-
tions of myocardial ischemic interstitial hyperplasia and fibrosis, result-
ing in decreased compliance of myocardial tissue. In cases where
trauma-induced blood loss and patient return blood volume are
reduced on the foundation of pre-existing cardiovascular disease, myo-
cardial perfusion becomes compromised, thereby escalating the risk of
arrhythmia [15]. Additionally, if excessive fluid resuscitation is adminis-
tered following traumatic hemorrhagic shock, it can lead to increased
cardiac pressure and load, further heightening the risk of arrhythmia.
Consequently, for this patient population, healthcare professionals
should conduct comprehensive assessments, optimize fluid volume
and hemodynamics, and administer anti-arrhythmic drugs if necessary
to mitigate the risk of arrhythmia.

The findings of this study revealed that the use of catechol-
amines constituted an independent risk factor for arrhythmia
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among trauma patients (OR = 4.222, P < 0.05). Prior research has
indicated a close association between the administration of cate-
cholamines and the occurrence of sinus tachycardia and tachyar-
rhythmia [16], and it also represents an independent risk factor
for atrial fibrillation in patients with severe trauma, aligning with
the findings of this study [17]. This drug-induced effect directly im-
pacts the heart by stimulating alpha-adrenergic receptors and (-
adrenergic receptors, or indirectly through alpha-adrenergic
receptor-mediated vasoconstriction and heightened ventricular
afterload, consequently elevating the risk of arrhythmia [17,18].
Furthermore, patients undergo a significant release of catechol-
amines in the immediate aftermath of trauma, during which cate-
cholamine administration can exacerbate this effect [19]. In order
to prevent clinically relevant adverse events, relevant guidelines
recommend adding vasopressin to norepinephrine and reducing
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Fig. 2. ROC curve analysis of the nomogram in the training set (A) and validation set (B) [AUC, 0.756 and 0.757, respectively]. Abbreviations: ROC, receiver operating characteristic; AUC,
area under the curve.

catecholamines dosage [20]. A meta-analysis by McIntyre et al. [21] GCS is commonly employed to assess the severity of traumatic brain
demonstrated that combining vasopressin with catecholamines injury [22]. A lower GCS score indicates a more severe craniocerebral in-
could reduce the risk of atrial fibrillation compared to catechol- jury. A GCS score of <8 is categorized as severe craniocerebral injury.
amines alone. Studies have indicated that a more severe degree of brain injury is
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Fig. 3. Calibration plot of the nomogram in the training set (A) and validation set (B), The black dashed diagonal line indicates the perfect prediction of the ideal model. The solid black line
represents the performance of the nomogram, and the closer the fit to the diagonal line, the more accurate the prediction. The gray dashed line represents the performance of the model
trained after bootstrapping validation (1000 bootstrap resamples), which corrects the overfitting situation.
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Fig. 4. DCA analysis of the nomogram in the training set (A) and validation set (B). The y-axis represents the standardized net benefit, the x-axis represents the threshold probability. The
red line represents the nomogram, and the gray and black lines represent the all-patient treatment scenario and the no-patient treatment scenario, respectively. When the red line is po-
sitioned above the right side of the gray and black lines, it indicates that the prediction model holds clinical value. Furthermore, the greater the distance between the red line and the gray
and black lines, the higher the clinical applicability. Abbreviations: DCA, decision curve analysis.

associated with a higher risk of arrhythmia in trauma patients [7,22]. In
the early stages of severe craniocerebral injury, the incidence of ar-
rhythmia can be as high as 85.3% [23]. The findings of this study reveal
that a GCS score of <8 is an independent risk factor for arrhythmia in
trauma patients, with the risk increasing by 3.154 times (OR = 3.154,
P < 0.05). Therefore, in trauma patients, particularly those with cranio-
cerebral injury, a lower GCS score is indicative of a heightened risk of
arrhythmia.

The findings of this study reveal that the ISS is also a significant risk
factor influencing the occurrence of arrhythmia in trauma patients.
There is a positive correlation between the ISS score and the risk of ar-
rhythmia in patients, aligning with the conclusions drawn by Seguin
et al. [17] ISS scores are indicative of injury severity, with ISS > 16 sug-
gesting severe injury and ISS > 25 indicating critically severe injury
[24]. Based on this, patients were categorized into three groups:
ISS < 16, 16 < ISS < 25, and ISS > 25. Among these, the incidence of ar-
rhythmia in trauma patients with ISS > 25 was nearly four times higher
than in those with ISS < 16 (OR = 3.864, P < 0.001). Post-traumatic ac-
tivation of the sympathetic nervous system leads to increased catechol-
amine secretion, a phenomenon that is positively correlated with
trauma severity [25,26]. Catecholamines can exert negative inotropic ef-
fects on cardiomyocytes, inducing “cardiotoxicity” and triggering ven-
tricular arrhythmia [25,27]. Moreover, the elevated expression of pro-
inflammatory mediators in myocardial cells following multiple injuries
results in cardiac contractile dysfunction, influencing myocardial cell re-
polarization and thereby contributing to arrhythmias [28,29]. Addi-
tional studies have indicated [30,31] that the elevation of complement
(C3a and C5ais associated with trauma severity, holding significant pre-
dictive value in the development of myocardial cell systolic dysfunction
and arrhythmia.

In this study, GLU was identified as an independent risk factor for ar-
rhythmia in trauma patients (OR = 1.125, P < 0.01), with a higher risk
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of arrhythmia associated with increasing blood glucose levels. Similarly,
Kreutziger et al. [32] observed significantly higher blood glucose levels
in patients with postoperative sinus tachycardia, ventricular tachycar-
dia, and ventricular fibrillation compared to those without arrhythmias.
Post-traumatic elevation of blood glucose is a stress response termed
“stress hyperglycemia”. This condition is induced by acute metabolic
and hormonal changes associated with various factors such as trauma,
stress, surgery, or infection and is linked to adverse clinical events
[33]. Stress hyperglycemia promotes endothelial damage, platelet-
dependent microthrombus formation, increased blood viscosity, affects
myocardial blood flow perfusion, exacerbates myocardial ischemia and
hypoxia, and damages myocardial cells [34]. Additionally, hyperglyce-
mia disrupts microcirculation, reduces myocardial glucose uptake, and
contributes to cardiac electrical activity disorders, ultimately leading
to arrhythmia [32,35]. This study did not compare the difference in
the incidence of diabetes between the arrhythmia and non-
arrhythmia groups, which may be related to the study population
being predominantly concentrated under the age of 60 and having a
small number of diabetes patients in the study cohort.

INR is a widely used diagnostic indicator for trauma-induced coagu-
lopathy (TIC) on an international scale [36,37]. Peltan et al. [38] have
highlighted that an INR > 1.5 as a diagnostic criterion for traumatic co-
agulation disorders, can effectively predict the risk of death, venous
thrombosis, and multiple organ dysfunction in trauma patients. This
study revealed higher INR and PT values in the arrhythmia group com-
pared to the non-arrhythmia group, with INR identified as an indepen-
dent risk factor for predicting arrhythmia in trauma patients (OR =
5.943, P < 0.01). Zhao et al.'s retrospective cohort study [39] suggested
significantly elevated PT and D-dimer levels in the myocardial injury
group compared to the non-myocardial injury group, consistent with
the findings of this study. Traumatic coagulopathy may be associated
with severe blood loss leading to loss of clotting factors, increased
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consumption of clotting factors and fibrinolytic factors [40,41]; while
acidosis, hypothermia, and dilution of clotting factors due to large vol-
ume fluid resuscitation can further exacerbate traumatic coagulopathy
[42]. However, the specific mechanism by which traumatic coagulopa-
thy triggers arrhythmias remains unclear and requires further research
for confirmation.

Interestingly, patients with pelvic or abdominal injury have been
observed to have twice the risk of post-traumatic myocardial infarc-
tion [43]. Our study discovered a close correlation between an AlS
score of >3 in abdominal injury and post-traumatic arrhythmia
(OR = 2.817, P < 0.01). Culhane et al. [44] conducted a retrospective
cohort analysis of 3,437,959 trauma patients from the National
Trauma Database (NTDB) in the United States. Their results demon-
strated that abdominal trauma was associated with an increased
risk of myocardial infarction (P < 0.001), consistent with the findings
of our study. Severe abdominal and pelvic injuries often result in sig-
nificant bleeding and early coagulation dysfunction, hypotension, de-
creased hemoglobin, hyperfibrinolysis, systemic inflammatory
response [39], and possible later development of septic shock due
to injuries to hollow viscera.

Myocardial contusion is often considered a primary factor for ar-
rhythmias in trauma patients [1]. The results of our study indicate that
the proportion of myocardial contusion and CK-MB levels in the ar-
rhythmia group were higher than those in the non-arrhythmia group
(P < 0.001). However, these two indicators are not independent risk
factors for post-traumatic arrhythmias. This may be related to the lack
of diagnostic data for myocardial contusion in this study and the inter-
ference of factors such as skeletal muscle, kidney, and liver damage on
CK-MB levels.

4.2. Construction and verification of nomogram prediction model

Nomograms can visualize the results of regression analysis, making
the analysis more intuitive and easy to operate. They are currently
widely used in clinical risk prediction studies [45,46]. In this study, the
seven identified independent risk factors were combined to construct
a nomogram prediction model for post-traumatic arrhythmia. To en-
hance model evaluation convenience and practicality, an online dy-
namic nomogram was further developed. Users can select
corresponding clinical factors on the web page and click the Predict but-
ton to swiftly calculate the probability of post-traumatic arrhythmia, fa-
cilitating straightforward clinical application. ROC curve and calibration
curve analyses were conducted to assess the predictive efficacy of the
model, and the clinical practicability was evaluated using DCA. The re-
sults show that the AUC for predicting arrhythmia risk in the training
set is 0.756 and 0.757 for the validation set, signifying the model's ro-
bust ability to distinguish between trauma patients with and without
arrhythmia. Calibration curves for both the training and validation sets
revealed good consistency between the model's predictions and the ac-
tual risk of arrhythmia in trauma patients, indicating the nomogram
model's high accuracy. DCA analysis affirmed the high clinical applica-
tion value of the nomogram model. Furthermore, the Hosmer-
Lemeshow goodness-of-fit test for the nomogram prediction model
demonstrated no significant differences between the predicted risk
and the actual risk, indicating a nice goodness-of-fit. Overall, the nomo-
gram prediction model developed in this study can rapidly predict and
screen for the risk of post-traumatic arrhythmia, with its scientific valid-
ity and applicability appropriately validated.

To our knowledge, this is the first study utilizing a nomogram to pre-
dict the risk of arrhythmia in trauma patients. The indicators incorpo-
rated into the predictive model can be readily obtained through
clinical examination in the early stages of admission, with low associ-
ated costs. The online dynamic nomogram developed in this study
holds practical application value and is easily implementable, facilitat-
ing widespread adoption. This tool proves beneficial for the risk
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stratification of trauma patients, offering valuable insights for the devel-
opment of individualized treatment plans.

5. Limitations

The study had some limitations. Firstly, being a single-center retro-
spective study, it may suffer from case selection bias and did not perform
a dynamic analysis of research indicators. Secondly, the nomogram lacks
external validation in other medical institutions, potentially leading to
overfitting of the regression model and making it challenging to deter-
mine its applicability to diverse populations. Therefore, for future research,
large sample sizes and multi-center clinical data are necessary to enhance
the optimization of the clinical prediction model for arrhythmia in trauma
patients. Lastly, this study only documented the occurrence of arrhythmia
during hospitalization and did not follow up with the included patients
over an extended period. Despite these potential limitations, we anticipate
that this predictive model will aid clinicians in assessing the risk of ar-
rhythmia in trauma patients, enabling healthcare professionals to inter-
vene as early as possible and prevent potential issues.

6. Conclusion

In summary, the occurrence of arrhythmia during hospitalization in
trauma patients significantly prolongs the length of ICU stay and total
hospital stay, while also increasing the risk of in-hospital mortality. A
history of cardiovascular disease, catecholamine use, GCS score < 8, ab-
dominal AIS score > 3, high ISS score, elevated GLU levels, and high INR
are independent risk factors for arrhythmias in trauma patients. The dy-
namic online nomogram, constructed based on the predictive variables
mentioned above, exhibits robust predictive performance. It is a user-
friendly, scientifically sound, and readily accessible tool, holding prom-
ise for widespread adoption. This nomogram aims to provide healthcare
professionals with a reliable tool to assess the risk of post-traumatic ar-
rhythmia, offering a new perspective for the prevention and treatment
of such arrhythmias.
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