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Abstract
Background

Multiple organ dysfunction syndrome (MODS) is the one of common complications,and the leading
cause of late mortality in multiple trauma patients.The present study aims to develop and validate a
nomogram based on clinical characteristics in order to identify the patients with multiple trauma who
were at risk of developing MODS.

Methods

An retrospective cohort study was performed with data from January 2011 to December 2019,totally 770
patients with multiple trauma were enrolled in our study.They were randomly categorized into training set
(n=514) and validation set (n=256).The univariate and multivariate logistic regression analyses were
used to screen the predictors for multiple trauma patients who were at risk of developing MODS from
training set data.Then we established a nomogram based on these above predictors.The discriminative
capacity was assessed by receiver operating characteristic (ROC) curve area under the curve (AUC), and
the predictive precision was depicted by calibration plot.The Hosmer-Lemeshow test was used to
evaluate the the model’s goodness of fit.

Results

Our study showed that age,ISS,hemorrhagic shock,heart rate,blood glucose,D-dimer and APTT were
independent risk factors for MODS in patients with multiple trauma by multivariate logistic regression
analysis.A nomogram was established on basis of these above risk factors.The area under the curve
(AUC) was 0.868 (95% confidence interval [CI]:0.829-0.908) in the training set and 0.884 (95% confidence
interval [CI]:0.833-0.935) in the validation set.The Hosmer-Lemeshow test has a p value of 0.227 in
training set and 0.554 in validation set respectively,which confirm the model’s goodness of fit.Calibration
plot showed that the predicted and actual incidence of MODS probability were fitted well on both internal
and external validations.

Conclusions

The present nomogram had a well predictive precision and discrimination capacity,which can facilitate
improved screening and early identification of multiple trauma patients who were at high risk of
developing MODS.

Background
Multiple Organ Dysfunction Syndrome (MODS) is one of the common complications of multiple trauma
patients,as well as the leading cause of late mortality[1].During the last decades,the survival rate of
multiple trauma patients improved with modern damage control concept,but the incidence of MODS
continued to be high,as much as 30% in some seriously multiple trauma patients[2].A prospective study
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by Matthias et al.[3]showed an overall incidence of MODS of 32.7% in multiple trauma patients,and the
mortality of patients developing multiple organ dysfunction syndrome（MODS）following multiple trauma
was approach to 50%.

To date,despite enhanced understanding of MODS pathogenesis,there have been no effective therapy,and
prevention is still crucial for MODS[4].Therefore,early identification of multiple trauma patients who were
at risk of developing MODS can help to timely prevention and intervention,and may improve these
patient’s prognosis.Recently studies showed several specific biomarkers could be useful in predicting
high risk patients to develop posttraumatic MODS.A study by Haasper[5] showed procalcitonin(PCT) had
a high sensitivity for predicting the development of MODS(sensitivity was 0.88).Kleinveld[6] found that the
combination of anti-inflammatory proteins interleukin 1receptor antagonist(IL-1RA) and Clara cell protein
16(CC-16) was most strongly associated with the development MODS by multivariate analysis.A
retrospective cohort study[7] showed plasma levels of Neutrophil gelatinase-associated lipocalin(NGAL),
paracrine osteoprtegerin(OPG) and IL-6 were significantly elevated in MODS+ group,and these biomarkers
positively correlated with MODS score and diagnosis of MODS.Kong et al.[8]found that delta neutrophil
index (DNI)values of >3.25% and >5.3% at 12h post-admission were significant predictors of the
development of MODS and 30-days mortality,respectively,in trauma patients.In addition,the AUC of
combined detection of NF-κB＞1.20,IL-6＞25.1 ug/L and TNF-α＞2.20 ng/ml in peripheral blood in predicting
MODS was 0.853,95%CI(0.659,0.977)[9].

These above specific biomarkers had a certain guiding significance for predicting developing of MODS in
patients with multiple trauma.However,these biomarkers were not routinely performed in clinical
particularly in emergency room,because of cumbersome laboratory techniques or high cost associated
with these approaches currently inhibited their clinical implementation.Therefore,it is quite necessary to
explore a easy-to-use and reliable predictive model for MODS following multiple trauma patients.

The purpose of this study was to screen the independent risk factors for the development of MODS in
patients with multiple trauma by using easily available clinical indicators in the early stage(within 24
hours after trauma),and then establish and validate a nomogram in order to detect high-risk patients who
are likely to develop MODS.

Methods
Study Design and setting

This is a retrospective observational study.Medical records of multiple trauma patients admitted to the
Affiliated Hospital of Jiangsu University from January 2011 to December 2019 were investigated.Patients
who met the diagnostic criteria of multiple trauma and admitted within 24 hours after trauma were
included.Exclusion criteria was patients admitted exceed 24 hours after trauma,patients with incomplete
clinical data,and patients who quit therapy or transfered to other hospital halfway.
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The patients were randomly divided into training set and validation set at a 2:1 ratio.The univariate and
multivariate logistic regression analyses were used to screen the predictors for multiple trauma patients
who were at risk of developing MODS from training set data.Then the predictors were used to establish a
nomogram.Internal and external validation were performed in training set and validation set
respectively.The discriminative capacity was assessed by receiver operating characteristic (ROC) curve
area under the curve (AUC) and the predictive precision using calibration plot (Figure 1).

Data Collection

Each patient’s clinical and laboratory information within 24h after trauma was collected through
electronic medical records.Elementary clinical information included gender,age,injury
mechanism,hemorrhagic shock upon admission,damage control surgery,pre-existing disease,injury
severity score(ISS),number of injury sites,mean arterial pressure (MAP),length of stay (LOS) and heart
rate.

Laboratory variables included neutrophil,lymphocyte,platelet (PLT),hemoglobin(Hb),blood
glucose,activated partial thromboplastin time (APTT),fibrinogen (FBG) and D-dimer.

The presence and evolution of MODS was determined based on Sequential Organ Failure Assessment
(SOFA) scoring.MODS was defined by the occurrence of a total SOFA score greater than 5,affecting two
or more organs[10].

Data Analysis

Statistical results were presented as the mean ± standard deviation for normal data,and  interquartile
(IQR) and median were used for non-normal data.The categorical variables were presented as
percentages and numbers.The non-normally distributed continuous variables were compared using
Wilcoxon Mann-Whitney tests and the normally distributed continuous variables were compared using
unpaired Student t-tests.Fisher’s exact/Chi-squared tests were utilized to evaluate categorical
variables.Multivariate logistic stepwise regression were used to determine predictive factors that were
significant with a p value of less than 0.05 on univariate analysis.

The nomogram was established in terms of results of logistic regression analyses using R 3.6.2 with the
rms package.The discrimination of the model’s were assessed in terms of the receiver operating
characteristic (ROC) curve area under the curve (AUC).The closer the AUC value is to 1,the better
discrimination capacity the prediction model has.Generally,a prediction model that performs with an AUC
of 0.5-0.75 is considered acceptable,and AUC>0.75 indicates the model shows excellent discrimination.

In addition, calibration curves were performed to assess the consistency of nomogram predicted chance
and the actual incidence of MODS.Goodness of fit was assessed by using Hosmer-Lemeshow test.

Statistical analysis were conducted using SPSS version 26.0 (IBM,Armonk,NY,USA).Difference were
considered significant when p value was less than 0.05.
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This study was approved by the Institutional Review Board of the Affiliated Hospital of Jiangsu
University.The need to obtain informed consent was waived because of the retrospective nature of the
study.

Results
Demographic characteristics

This study included totally 770 patients with multiple trauma.They were randomly divided into training
set (n=514) and validation set (n=256) at a 2:1 ratio.220 patients with multiple trauma developed
multiple organ dysfunction syndrome (MODS)eventually.Of those,142 patients in training set,and 78
patients in validation set respectively.The basic clinical characteristics for the training set and validation
set are listed in Table 1.All of the variables were not statistical significant difference between training set
and validation set(P＞0.05).

Univariate and multivariate logistic regression of the training set

In training set,Patients were classified into two groups according to patients meet the criteria of MODS or
not,including MODS group and non-MODS group.Of which 142 individuals with multiple trauma in MODS
group,372 patients in non-MODS group.Univariate analysis showed age,injury mechanism,hemorrhagic
shock,mortality,ISS,heart rate,MAP,neutrophil,hemoglobin,blood glucose,FBG,APTT,D-dimer and LOS were
statistical significant difference between MODS group and non-MODS group(P＜0.05) (Table 2).The above
variables except mortality and LOS were subjected to the multivariate logistic stepwise regression
analysis for screening the predictors of MODS.The results showed that only age(HR=2.603,95%
confidence interval [CI]:1.522-4.453,P＜0.001),ISS(HR=1.124,95% confidence interval [CI]:1.084-1.167,P＜
0.001),hemorrhagic shock(HR=2.067,95% confidence interval [CI]:1.075-3.974,P＜0.05),heart
rate(HR=1.022,95% confidence interval [CI]:1.008-1.036,P＜0.01),D-dimer(HR=1.008,95% confidence
interval [CI]:1.002-1.015,P＜0.01),blood glucose(HR=1.091,95% confidence interval [CI]:1.016-1.171,P＜0.05)
and APTT(HR=1.047,95% confidence interval [CI]:1.017-1.079,P＜0.01)were independent risk factors for
developing MODS with multiple trauma (Figure 2).

Development of MODS predictive nomogram for patients with multiple trauma

The predictive nomogram showed in Figure 3.The nomogram was established on basis of the
coefficients gained from multivariate logistic regression analysis,which included age,hemorrhagic
shock,heart rate,blood glucose,D-dimer,ISS and APTT.Each value of the factors was allocated the score in
the point scale axis.By summing up each single score and using that value in the total points scale
axis,the total score could be easily calculated to predict the probability of MODS in patients with multiple
trauma.A higher score of total points indicated a greater chance of MODS developing from multiple
trauma patients.

Internal validation of the predictive nomogram



Page 6/20

Internal validation of training set,the predictive nomogram validated a excellent discriminative capacity of
AUC 0.868(95% CI:0.829-0.908)(Figure 4A).The calibration curve disclosed that predicted nomogram
possibilities of MODS following multiple trauma estimated actual probabilities(Figure 4B).

External validation of the predictive nomogram

External authentication was achieved by comparing the predictive nomogram and individual actual
possibility in the validation group.For validation group,the predictive nomogram AUC was 0.884(95%
CI:0.833-0.935)(Figure 5A).The calibration cureve revealed that there was well consistence among
predicted and actual possibilities(Figure 5B).

Hosmer-Lemeshow test

In order to evaluate model’s goodness of fit,the Hosmer-Lemeshow test was performed(Table 3).in
training set,X-squared=10.561,P value=0.227(P＞0.05);in validation set,X-squared=6.839,P value=0.554(P＞
0.05).This indicates the present model’s goodness of fit was well on both internal validation and external
validation.

Discussion
The poor outcome of MODS developing from multiple trauma has been attracted scientific extensive
attention.The researches regarding predicting MODS following multiple trauma has been
increasing.However,most studies focused on the specific biomarkers,lacking a predicting model which
can easy available in clinical.Thus,our study was conducted by using clinical characteristics within 24
hours onset to screen the risk factors of MODS.The result revealed that age,ISS,hemorrhagic shock,heart
rate,blood glucose,D-dimer and APTT were independent risk factors of MODS developing from multiple
trauma patients.Our study demonstrated the present nomogram was constructed depending on these
above independent risk factors,which had a well performance in discriminative capacity and predictive
precision.

Most studies defined geriatric trauma patients as patients over the age of 65 years[11].Due to geriatric
patients generally decreased physiological reserves and suffered from underlying diseases,they were
more susceptible for high mortality rate and fatal complications, particularly MODS[12].Alteration in the
cardiovascular and respiratory systems exacerbated the potential to hypoxia and shock,pre-existing
conditions of the respiratory system increased the risk for pneumonia,as well as acute respiratory distress
syndrome(ARDS)[11].Despite the severity of the injury is equivalent,geriatric patients have worse outcome
than younger patients[13].A study reported by Aldrian showed that elderly patients with multiple trauma
had a significantly higher incidence of MODS compared to younger group(17.8% vs 7.1%,p=0.02)
[14].Similarly,in our study the ratio of geriatric patients (age over 65 years) in MODS group had a
significance higher than non-MODS group(31.7% vs 20.7%,p=0.009).
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Injury severity score (ISS) is based on the abbreviated injury scale (AIS),and is the most prevalence
trauma score in clinical[15].ISS is initially as a tool of comparison injury severity for multiple trauma
patients.Over time,much of research demonstrated that the ISS is not only a tool for comparison of injury
severity,but also a strongly correlation with mortality in multiple trauma patients[16].Generally,patients
with multiple trauma that defined ISS ≥ 16 points associated with a mortality risk of 10%,which called as
severe multiple trauma[17].Additionally,A retrospective study showed injury severity score (ISS) was not
only the one of independent risk factors of mortality,but also was the only one independent risk factor of
complications and ICU length of stay[18].ISS has been associated with mortality but the association
between ISS and MODS is yet known.In our study,MODS group had a significantly higher ISS compared
to non-MODS group(31.16±6.57 vs 23.72±7.20,P﹤0.001),and multivariate logistic regress analysis
showed ISS could be as a predictor for MODS following multiple trauma.

Patients with multiple trauma were often accompanying with coagulation disorder when shock,severe
injury or tissue damage.Trauma-induced coagulopathy is caused by multiple factors,such as anemia,
hemodilution,hypothermia,acidosis,shock,and serious trauma itself[19].D-dimer has been extensively
investigated for diagnosis of venous thromboembolism(VTE)[20].Recently study showed that D-dimer
may reflect the imbalance between proinflammatory and anti-inflammatory cytokines.Moreover,D-dimer
levels were associated not only with mortality but also with the development of severe sepsis or septic
shock,multiple organ dysfunction syndrome(MODS)[21].Activated partial thromboplastin time (APTT) is a
frequently used screening coagulation test to evaluate deficiency in intrinsic and common
pathways,which also used for heparin therapy monitoring and detecting circulating inhibitors of blood
coagulation[22].A study showed in patients with septic shock caused by intra-abdominal
infection,APTT,PT and D-dimer levels on admission to the ICU were significantly associated with
AKI,furthermore,APTT was an independent predictor of 30-day mortality[23]. Hemostasis-related
parameters have a significant impact on severity and outcome prediction of patients with sepsis,of which
included APTT and D-dimer[24].In line with previous studies,our results showed that APTT and D-dimer
upon admission can be used to predict MODS developing from multiple trauma.The pathogenesis of
MODS induced by coagulopathy is possibly owing to dysregulation of hemostatic system may lead to
microvascular thrombosis and hypoperfusion,and that the altered fibrinolytic mechanisms might then
induce tissue ischemia and tissue necrosis,and eventually MODS.

It is well known that hemorrhagic shock is a frequently complication in severe multiple trauma
patients,which may lead to MODS even death.Hemorrhagic shock has been proposed as an main driver
of systemic inflammation,gut barrier disruption,endothelial damage and coagulation dysfunction,all
these factors may contributed to the development of MODS[25].A animal model experiment demonstrated
that hemorrhagic shock add to the systemic inflammatory reaction early after multiple trauma,aggravate
pulmonary damage and worsen renal and endothelial function,which might lead to the development of
early multiple organ dysfunction syndrome[26].Furthermore,it is by now generally accepted that
hemorrhagic shock induced a vicious cycle of outcomes,consisting of hypothermia,acidosis,and
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coagulopathy-otherwise known as the lethal triad[27].Besides,hemorrhagic shock can lead to a imbalance
between oxygen supply and consumption,and this anoxia result in a change from aerobic to anaerobic
metabolism.Lactic acidosis ensues,and if uncorrected,MODS and death follow[28].Consequently,we
regarded hemorrhagic shock as a crucial predictor for developing MODS.

 Blood glucose on admission is known to be as a predictor for in-hospital mortality in multiple trauma
patients[29-30].Hyperglycemia admission is not only due to diabetic hyperglycemia,but also stress-induced
hyperglycemia[31].The metabolic manifestation of the stress response is characterised by hyperglycemia
mediated by a number of neural and humoral mechanism,of which included catecholamines
release,hepatic gluconeogenesis activated,increased levels of cortisol,glucagon,and
epinephrine[32].Generally,the magnitude of the stress response is proportional to the magnitude of tissue
damage[33].Previous study showed early hyperglycemia was associated with multiple organ failure
(MOF)after trauma[34].Our results was consistent with previous study,which blood glucose was a
predictos for MODS in patients with multiple trauma.And a study speculated low β-cell function was
strong correlations with the presence of MODS[35].

HR is considered not only a physiological indicator but also a prognostic marker.Numerous studies have
shown that increased heart rate (HR) was associated with higher mortality in several cardiac
disorders[36].Recently study demonstrated HR is also associated with mortality in trauma patients,which
showed mortality after trauma increase outside the heart rate range of 70 to 89 beats per minute[37].In
addition,a heart rate≥90 bpm at the time of MODS diagnosis is an independent risk factor for increased
28-day mortality[38].Heart rate is elevated beyond physiologically useful compensatory mechanism thus
increasing myocardial oxygen demand,and contributing itself to a poor outcome[39].MODS was a severe
complication of multiple trauma,our study demonstrated increased HR may be predicting for MODS
following multiple trauma patients.

Limitations

There are several potential limitations in present study.First,it is a single center study,the training set and
validation set came from the same institution.It may be less comparable than studies using multicentric
sampled population.Second,it was well known that inflammatory cytokines play a important role in
developing MODS.but the present nomogram model was not included inflammatory indicators such as C
reactive protein or PCT.Lastly,our sample size was relatively small,so that could not included more
variables.

Conclusion
In summary,we conducted a nomogram for predicting MODS in patients with multiple trauma based on
clinical characteristics within onset 24 hours,which had a well predictive accuracy and  discrimination
capacity,and could be application in early identification of MODS in patients with multiple
trauma.According to the present nomogram,clinicians could estimate intuitionally the probabilities of
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occurrence of MODS following multiple trauma patients.Nonetheless,further study with larger sample
size or prospective cohort study are needed to evaluate and validate the present nomogram.
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Tables
Table 1  Baseline characteristics of the patients in training set and validation set
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Characteristics Training set(n=514) Validation set(n=256) P value

Gender     0.335

Male 377(73.3%) 196(76.6%)  

Female 137(26.7%) 60(23.4%)  

Age     0.739

≥65 years 392(76.3%) 198(77.3%)  

＞65 years 122(23.7%) 58(22.7%)  

Injury Mechanism     0.115

Motor vehicle accident 302(58.8%) 161(62.9%)  

Fall 106(20.6%) 58(22.7%)  

other 106(20.6%) 37(14.5%)  

Hemorrhagic Shock     0.122

Yes 96(18.7%) 60(23.4%)  

No 418(81.3%) 196(76.6%)  

Pre-existing disease     0.792

Yes 131(25.5%) 63(24.6%)  

No 383(74.5%) 193(75.4%)  

Mortality     0.059

Survivor 453(88.1%) 213(83.2%)  

Non-survivor 61(11.9%) 43(16.8%)  

MODS     0.411

Yes 142(27.6%) 78(30.5%)  

No 372(72.4%) 178(69.5%)  

Damage control surgery     0.146

Yes 191(37.2%) 109(42.6%)  

No 323(62.8%) 147(57.4%)  

ISS 25.78±7.78 26.91±8.15 0.062

Number of injury sites 2.32±0.75 2.30±0.77 0.701

Heart rate(bpm) 88.50±19.27 89.09±19.81 0.691
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MAP(mmHg) 93.00±19.13 90.26±22.07 0.090

Neutrophil(×109/L) 11.19±5.51 11.29±5.39 0.824

Platelet(×109/L) 184.93±77.79 179.02±66.69 0.299

Hemoglobin(g/L) 124.00±24.05 121.19±24.86 0.132

Blood glucose(mmol/L) 8.28±3.33 8.12±3.13 0.529

FBG(g/L) 2.36±1.14 2.28±1.12 0.343

APTT(s) 26.44±11.42 27.83±14.93 0.190

LOS(days) 23.00(13.00,42.00) 23.50(14.00,41.00) 0.898

D-dimer(mg/L) 13.76(4.98,35.72) 14.86(5.29,40.09) 0.271

Lymphocyte (×109/L) 1.20(0.80,2.70) 1.30(0.80, 2.50) 0.904

ISS,injury severity score;MAP,mean arterial pressure;FBG,fibrinogen;APTT,activated partial thromboplastin
time;MODS,multiple organ dysfunction syndrome;LOS,length of stay.

Table 2  Univariate analyses of factors associated with MODS in the training set
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Characteristics MODS group(n=142) Non-MODS (n=372) P value

Gender     0.391

Male 108(76.1%) 269(72.3%)  

Female 34(23.9%) 103(27.7%)  

Age     0.009

≥65 years 97(68.3%) 295(79.3%)  

＞65 years 45(31.7%) 77(20.7%)  

Injury Mechanism     0.020

Motor vehicle accident 96(67.6%) 206(55.4%)  

Fall 27(19.0%) 79(21.2%)  

other 19(13.4%) 87(23.4%)  

Hemorrhagic Shock     0.000

Yes 56(39.4%) 40(10.8%)  

No 86(60.6%) 332(89.2%)  

Pre-existing disease     0.123

Yes 43(30.3%) 88(23.7%)  

No 99(69.7%) 284(76.3%)  

Mortality     0.000

Survivor 100(70.4%) 353(94.9%)  

Non-survivor 42(29.6%) 19(5.1%)  

Damage control surgery     0.718

Yes 51(35.9%) 140(37.6%)  

No 91(64.1%) 232(62.4%)  

ISS 31.16±6.57 23.72±7.20 0.000

Number of injury sites 2.27±0.86 2.34±0.69 0.343

Heart rate(bpm) 98.50±22.61 84.69±16.32 0.000

MAP(mmHg) 86.22±22.79 95.59±16.86 0.000

Neutrophil(×109/L) 12.31±5.83 10.77±5.33 0.005

Platelet(×109/L) 177.20±88.68 187.88±73.14 0.202
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Hemoglobin(g/L) 117.29±27.52 126.56±22.09 0.000

Blood glucose(mmol/L) 9.56±3.99 7.79±2.89 0.000

FBG(g/L) 2.13±1.34 2.45±1.04 0.005

APTT(s) 31.28±18.70 24.29±5.91 0.000

LOS(days) 36.00(12.00,57.00) 21.00(13.00,35.00) 0.003

D-dimer(mg/L) 29.84(10.98,56.46) 9.92(3.19,25.46) 0.000

Lymphocyte(×109/L) 1.30(0.80，3.40) 1.20(0.80，2.30) 0.517

ISS,injury severity score;MAP,mean arterial pressure;FBG,fibrinogen;APTT,activated partial thromboplastin
time;LOS,length of stay.

Table 3  Hosmer-Lemeshow test

Group X-squared Degree of freedom P value

Training set 10.561 8 0.227

Validation set 6.839 8 0.554

Figures
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Figure 1

Study flow chart
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Figure 2

Forestplot of independent risk factors for MODS in patients with multiple trauma.ISS,injury severity
score;APTT,activated partial thromboplastin time.
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Figure 3

Nomogram model for predicting the risk of MODS in patients with multiple trauma. ISS,injury severity
score;APTT,activated partial thromboplastin time.
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Figure 4

Internal validation of nomogram in the training set.A Discriminative capacity:AUC of the ROC curve was
0.868(95% CI:0.829-0.908).B Calibration curve:The dotted line indicates perfect prediction by an ideal
model.The solid line depicts the model’s performance.ROC,receiver operating characteristic;AUC,area
under the curve.

Figure 5

External validation of nomogram in the validation set.A Discriminative capacity:AUC of the ROC curve
was 0.884(95% CI:0.833-0.935).B Calibration curve:The dotted line indicates perfect prediction by an ideal
model.The solid line depicts the model’s performance.ROC,receiver operating characteristic;AUC,area
under the curve.


