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Abstract

BACKGROUND
Despite the large number of studies focus on the prognosis and in-hospital outcomes risk factors of
patients with takotsubo syndrome, there was still lack of utility and visual risk prediction model for
predicting the in-hospital mortality of patients with takotsubo syndrome.

OBJECTIVES
Our study aimed to establish a utility risk prediction model for the prognosis of in-hospital patients with
takotsubo syndrome (TTS).

METHODS
The study is a retrospective cohort study. Model of in-hospital mortality of TTS patients was developed
by multivariable logistic regression analysis. Calibration and discrimination were used to assess the
performance of the nomogram. The clinical utility of the model was evaluated by decision curve analysis
(DCA).

RESULTS
Overall, 368 TTS patients (320 Survivals and 48 deaths) were included in our research from MIMIC-IV
database. The incidence of in-hospital mortality with TTS is 13.04%. Lasso regression and multivariate
logistic regression model veri�ed that potassium, pt, age, myocardial infarction, WBC, hematocrit, anion
gap and SOFA score were signi�cantly associated with in-hospital mortality of TTS patients. The
nomogram demonstrated a good discrimination with a AUC of ROC 0.811(95%Cl: 0.746-0.876) in training
set and 0.793(95%Cl: 0.724-0.862) in test set. The calibration plot of risk prediction model showed
predicted probabilities against observed death rates indicated excellent concordance. DCA showed that
the nomogram has good clinical bene�ts.

Conclusion
We developed a nomogram that predict hospital mortality in patients with TTS according to clinical data.
The nomogram exhibited excellent discrimination and calibration capacity, favoring its clinical utility.

Introduction
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Takotsubo syndrome (TTS) is a clinical syndrome also viewed as “stress cardiomyopathy,” “broken heart
syndrome,” or “transient apical ballooning” and is characterized by an acute and transient left ventricular
dysfunction which always induced by physical or emotional stimulation1. Takotsubo syndrome is easily
misdiagnosed as acute coronary syndrome (ACS), approximately 1%-3% of all patients who present with
symptoms consistent with acute coronary syndrome and undergo coronary angiography have been
identi�ed to TTS2. Despite numerous studies reported that TTS was a reversible myocardial insu�ciency
and TTS patients always have a good prognosis during the hospitalization3–6. However, several serious
complications may increase mortality to a rate, which is comparable with that of patients with ACS7. In
the recent studies, the mortality rates have been reported higher than the previous studies8. Recently, one
research based on the data from the SCAAR (Swedish Coronary Angiography and Angioplasty Registry)
reported that the 30-day mortality rate in TTS was lower than ST-segment-elevation myocardial infarction
(STEMI) but higher than non-STEMI (NSTEMI)9. Previous study on in-hospital outcomes of TTS patients
discussed around risk factors abount mortality. Nevertheless, the predictive model of in-hospital mortality
of TTS patients stay in ICU was not quite established. Therefore, assessment of the risk of in-hospital
mortality in TTS patients by clinical predictive model can effectively provide a reference for subsequent
hospitalization treatment and nursing. These measures would play an important role in improving the
prognosis of patients with TTS.

At present, clinical prediction model is a good tool and can provide valuable guidance for clinical decision
making. Nomogram as a special visual clinical prediction model that can calculates the risk scores for
individuals, is convenient for clinicians to use in prognosis prediction. It has been widely used as a
predictive method in the evaluation of prognosis in critically ill patients in recent years10–14. However,
there was limited nomogram for predicting the hospitalization prognosis of patients with TTS. Therefore,
we aimed to develop a nomogram for predicting the risk of in-hospital mortality in patients with TTS to
identify the high risk of death patients early. This work would provide adequate reference for subsequent
decision making, treatment and intensive care.

Methods

Data Source
This was a retrospective observational study, the primary data of our study was derived from MIMIC-IV
database (version 1.0). MIMIC-IV database is an extensive database, and contained all medical record
numbers corresponding to patients admitted to an intensive care unit (ICU) or the emergency department
between 2008-2019 in the Beth Israel Deaconess Medical Center (BIDMC)15. The version 1.0 is the lasted
version of MIMIC-IV database. One of our authors (C.J, certi�cation ID: 8979131) gained permission to
documented the database after online training at the National Institutes of Health (NIH). All methods were
carried out in accordance with relevant guidelines to protect the privacy of patients.

Patients selection
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We enrolled patients who aged more than 18 years old stay in ICU and diagnosed with TTS by the
International Classi�cation of Diseases version 9 (“42983”) and version 10 diagnosis codes (“I5181”) in
the MIMIC-IV database. We excluded patients according to the following criteria: (I) No survival outcome
data; (II) Being pregnancy and the postpartum condition; (III) Incomplete or unobtainable documented or
other vital medical data records.

Clinical and laboratory data
Extracted the basic information including age, height, weight and medical history such as diabetes,
hypertension, chronic lung disease, myocardial infarction, heart failure, et al of TTS patients. Extracted
vital signs information and the blood laboratory tests information of TTS patients as the �rst document
after patients admitted to the hospital within 24 hours. Vital signs data contained mean blood pressure
(MBP), diastolic blood pressure (DBP), systolic blood pressure (SBP), body temperature (T), respiratory
rate (RR), heart rate (HR), pulse oximetry derived oxygen saturation (spo2). Blood laboratory tests data
consisted of hemoglobin, hematocrit, creatinine, anion gap, lactate, blood urea nitrogen (BUN), PH, white
blood cell count, platelet count, chloride, glucose, prothrombin time (PT), serum potassium, serum
sodium, and serum calcium. Therapies were also recorded, which contained the use of vasoactive drugs
(norepinephrine), and continuous renal replacement therapy (CRRT) during the hospitalization. The
sequential organ failure assessment (SOFA) score16 of every patient also should be calculated. In our
study, the endpoint was in-hospital mortality viewed as survival status at hospital discharge.

Statistical Analysis
The whole dataset was randomly divided into a training set and a test set with the proportion of 7:3.
Mean±standard deviation (SD) documented normal distribution of continuous variables. Medians with
upper and lower quartiles described unnormal distribution of continuous variables. Continuous variables
were tested by T-test or Wilcoxon rank-sum test and categorical variables were analysed by chi-square
test or Fisher's exact test for group comparisons. First, lasso regression was used to conduct preliminary
screening of the predictors based on the whole study database, and screened out the predictors with large
regression coe�cients. Second, multivariate regression analysis was applyed to analyze the above
screened predictors and established the nomogram in training dataset. The scores for each predictors
were calculated based on coe�cients of logistic regression variables in the model. We adopted receiver
operating characteristic curve (ROC) to assess the discrimination of nomogram for in-hospital mortality
of TTS patients. The area under the curve (AUC) of the ROC curve more than 0.7 was de�ned as good
discrimination. The degree of �tting of the nomogram was assessed by calibration curve analysis which
tested by Hosmer-Lemeshow test. The decision curve analysis (DCA) was conducted to evaluate the
clinical utility of the nomogram through quantifying net bene�ts against a range of threshold
probabilities. The validation of nomogram capabilities were used by test set. These results were
presented by odds ratio (OR) with 95% con�dence intervals (CIs). All tests were two-tailed tests and p ≤
0.05 was considered statistically signi�cant. We used STATA 15.0 (Stata Corporation, College Station,
Texas, USA) and R version 3.6.3 (R Foundation for Statistical Computing, Vienna, Austria) for statistical
analysis.
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Results

The characteristics of study patients
Totally, we included 368 eligible patients (85 males and 283 females) in our study, their average age was
66.29±16.09 years old, more information about missing data and data extraction process was shown in
Supplementary Table S1 and Table S2. 48 patients (16 males and 32 females) died during the
hospitalization, with the incidence of in-hospital death rate was 13.04%. Death group patients tend to
older, and with higher value of anion gap, WBC count and SOFA score (As showed in Table1). The whole
sample was randomly divided into a training dataset and a test dataset with the proportion of 7:3, and
there were no signi�cant difference in observed clinical variables between the training set and the
validation set (As showed in Table 2).
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Table 1
Baseline characteristics of study patients strati�ed by survival outcome

Characteristic Total (n=368) Survival (n=320) death (n=48) P value

Age (years old) 66.29±16.09 65.42±16.31 72.09±13.30 0.007

Man 85 (23.10%) 69 (21.56%) 16 (33.33%) 0.105

SBP (mmHg) 112.00±15.25 112.43±15.40 109.60±18.36 0.170

DBP (mmHg) 65.70±10.64 62.72±10.86 60.91±12.60 0.913

MBP (mmHg) 78.65±10.43 78.88±10.69 74.80±12.85 0.284

Heart rate (beats/minute) 91.40±17.08 90.40±16.71 89.48±19.66 0.147

Respiratory rate (beats/minute) 21.03±4.12 20.98±4.11 22.06±4.63 0.549

Temperature (°C) 36.89±0.48 36.89±0.48 36.27±1.21 0.518

SPO2 (%) 96.95±2.35 96.89±2.43 94.95±7.49 0.231

Comorbidities, n (%)        

Diabetes 89 (24.18%) 77 (24.06%) 12 (25.00%) 1.000

Hypertension 157 (42.66%) 141 (44.06%) 16 (33.33%) 0.213

myocardial infarction 111 (30.16%) 102 (31.88%) 9 (18.75%) 0.093

congestive heart failure 212 (57.61%) 187 (58.44%) 25 (52.08%) 0.500

Chronic pulmonary disease 99 (26.90%) 82 (25.63%) 17 (35.42%) 0.211

Malignant cancer 55 (14.95%) 47 (14.69%) 8 (16.67%) 0.887

Renal disease 58 (15.76%) 51 (15.94%) 7 (14.58%) 0.978

Laboratory parameters        

anion gap (mEq/L) 17.63±5.41 15.64±4.02 17.53±4.69 0.003

BUN (mg/dL) 33.83±24.64 23.84±18.59 26.35±13.70 0.369

Bicarbonate (mmol/L) 20.80±5.18 22.11±4.52 20.83±5.18 0.075

Creatinine (mg/dL) 1.96±1.98 1.24±1.35 1.16±0.72 0.697

Chloride (mmol/L) 103.83±6.66 103.64±6.48 101.78±7.77 0.072

Glucose (mg/dL) 188.89±94.74 171.85±70.62 203.25±109.05 0.706

SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; SPO2: pulse
oximetry derived oxygen saturation; BUN: blood urea nitrogen; INR: international nominal ratio; WBC:
white blood cell; SOFA: sequential organ failure assessment; APSII: acute physiology score II; ICU:
intensive care unit; HOS: hospital; LOS: length of stay.



Page 7/19

Characteristic Total (n=368) Survival (n=320) death (n=48) P value

calcium 8.36±1.19 8.22±0.80 8.06±0.89 0.198

Hematocrit (%) 32.70±6.37 33.03±6.29 30.54±6.49 0.011

Hemoglobin (g/dL) 10.69±2.15 10.79±2.13 9.98±2.19 0.015

WBC (109/L) 13.83±7.74 13.46±7.72 16.27±7.45 0.019

Platelet (109/L) 240.37±139.90 239.79±138.51 244.25±150.35 0.837

Potassium (mmol/L) 4.20±0.63 4.17±0.63 4.35±0.61 0.067

PT 15.91±8.13 15.41±6.94 19.22±13.25 0.002

Sodium (mmol/L) 138.19±5.25 138.31±5.03 137.40±6.52 0.259

Renal replacement therapy,n (%) 18 (4.89%) 15 (4.69%) 3 (6.25%) 0.913

norepinephrine, n (%) 147 (39.95%) 126 (39.38%) 21 (43.75%) 0.675

Scoring systems        

SOFA 5.98±4.00 5.78±3.87 7.27±4.64 0.016

ICU LOS, days 5.82±6.75 5.85±9.19 5.56±6.17 0.782

HOS LOS (days) 17.75±17.91 18.51±18.34 14.20±14.30 0.120

SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; SPO2: pulse
oximetry derived oxygen saturation; BUN: blood urea nitrogen; INR: international nominal ratio; WBC:
white blood cell; SOFA: sequential organ failure assessment; APSII: acute physiology score II; ICU:
intensive care unit; HOS: hospital; LOS: length of stay.
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Table 2
The characteristic of training dataset and test dataset subjects

Characteristic Total (n=368) Training set
(n=258)

Test set
(n=110)

P
value

Age (years old) 66.29±16.09 66.29±16.31 66.27±15.63 0.988

Man 85 (23.10%) 55 (21.31%) 30 (27.30%) 0.269

SBP (mmHg) 112.00±15.25 111.72±15.35 112.67±15.07 0.583

DBP (mmHg) 65.70±10.64 65.75±10.60 65.56±10.80 0.874

MBP (mmHg) 78.65±10.43 78.38±10.39 79.29±10.53 0.448

Heart rate (beats/minute) 91.40±17.08 91.94±16.59 90.12±18.20 0.348

Respiratory rate
(beats/minute)

21.03±4.12 21.10±4.24 20.87±3.83 0.627

Temperature (°C) 36.89±0.48 36.88±0.50 36.93±0.41 0.314

SPO2 (%) 96.95±2.35 96.91±2.14 97.04±2.78 0.645

Comorbidities, n (%)        

Diabetes 89 (24.18%) 58 (22.48%) 31 (28.19%) 0.300

Hypertension 157 (42.66%) 112 (43.41%) 45 (40.91%) 0.410

myocardial infarction 111 (30.16%) 68 (26.36%) 43 (39.10%) 0.021

congestive heart failure 212 (57.61%) 147 (56.98%) 65 (59.10%) 0.794

Chronic pulmonary disease 99 (26.90%) 73 (28.29%) 26 (23.64%) 0.427

Malignant cancer 55 (14.95%) 41 (15.89%) 14 (12.73%) 0.603

Renal disease 58 (15.76%) 46 (17.83%) 12 (10.91%) 0.131

Laboratory parameters        

anion gap (mEq/L) 17.63±5.41 15.75±4.05 16.20±4.40 0.342

BUN (mg/dL) 33.83±24.64 24.47±18.81 23.47±16.12 0.630

Bicarbonate (mmol/L) 20.80±5.18 21.99±4.43 21.84±5.07 0.776

Creatinine (mg/dL) 1.96±1.98 1.24±1.17 1.20±1.51 0.799

Chloride (mmol/L) 103.83±6.66 103.29±6.68 103.64±6.70 0.652

SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; SPO2: pulse
oximetry derived oxygen saturation; BUN: blood urea nitrogen; INR: international nominal ratio; WBC:
white blood cell; SOFA: sequential organ failure assessment; APSII: acute physiology score II; ICU:
intensive care unit; HOS: hospital; LOS: length of stay.
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Characteristic Total (n=368) Training set
(n=258)

Test set
(n=110)

P
value

Glucose (mg/dL) 188.89±94.74 149.41±53.65 203.25±109.05 <0.001

calcium 8.36±1.19 8.18±0.83 8.26±0.78 0.358

Hematocrit (%) 32.70±6.37 33.33±6.27 33.58±6.52 0.084

Hemoglobin (g/dL) 10.69±2.15 10.58±2.14 10.92±2.16 0.159

WBC (109/L) 13.83±7.74 13.87±7.49 13.73±8.33 0.871

Platelet (109/L) 240.37±139.90 243.91±144.80 232.05±127.92 0.457

Potassium (mmol/L) 4.20±0.63 4.19±0.65 4.21±0.59 0.801

PT 15.91±8.13 15.56±6.72 16.72±10.71 0.210

Sodium (mmol/L) 138.19±5.25 138.00±5.43 138.64±4.80 0.287

Renal replacement therapy, n
(%)

18 (4.89%) 14 (5.43%) 4 (3.64%) 0.642

norepinephrine, n (%) 147 (39.95%) 104 (40.31%) 43 (39.10%) 0.918

Scoring systems        

SOFA 5.98±4.00 6.07±4.07 5.78±3.86 0.521

ICU LOS, days 5.82±6.75 5.85±6.78 5.80±6.83 0.944

HOS LOS (days) 17.75±17.91 17.68±17.96 17.68±18.09 0.885

SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure; SPO2: pulse
oximetry derived oxygen saturation; BUN: blood urea nitrogen; INR: international nominal ratio; WBC:
white blood cell; SOFA: sequential organ failure assessment; APSII: acute physiology score II; ICU:
intensive care unit; HOS: hospital; LOS: length of stay.

Predict factors for TTS prognosis
We performed lasso regression analysis to make a preliminary selection of TTS prognosis predictors. (As
showed in Figure 1). Nine predictors were identi�ed having large regression coe�cient (large regression
coe�cient means great in�uence on the outcome events) which included age, myocardial infarction
history, gender, potassium, PT, WBC, hematocrit, anion gap, SOFA score. Multivariable regression analysis
demonstrated that age (OR: 1.003; 95% CI: 1.001-1.005), myocardial infarction history (OR: 0.920; 95% CI:
0.864-0.991), hematocrit (OR: 0.988; 95% CI: 0.993-0.999), WBC (OR: 1.004; 95% CI: 1.000-1.009), anion
gap (OR: 1.011; 95% CI: 1.002-1.019), PT (OR: 1.005; 95% CI: 1.001-1.009), SOFA score (OR: 1.010; 95% CI:
1.001-1.017) were the independent risk factors for in-hospital mortality of TTS patients. However, there
was no statistical difference in gender and serum potassium concentration. Considering the importance
of gender and serum potassium concentration in TTS patients, our model included them in the
nomogram �nally.
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Nomogram for predicting the risk of in-hospital mortality in
patients with TTS
The nomogram included age, myocardial infarction history, gender, potassium, pt, WBC, hematocrit, anion
gap, SOFA score as predictive factors for in-hospital mortality of TTS patients. For example, a 74-years-
old male without myocardial infarction history, his clinical data of admission as followed: PT: 30
seconds, potassium: 5 mmol/L, anion gap: 24 mEq/L, WBC: 10*10^9, hematocrit: 35% and SOFA score
was 4 points. The corresponding score of each predictors were 6.5 points, 1.5 points, 2.8 points, 0.6
points, 0.7 points, 6.5 points, 1.5 points, 6.7 points, and 1.2 points respectively. Then his total score was
about 28 points, and the risk of in-hospital mortality is 65%. (As showed in Figure 2).

Performance evaluation and validation of the nomogram
ROC curve analysis for the training set showed that our risk prediction model has a good discrimination
(AUC of ROC: 0.811, 95% Cl: 0.746-0.876, as showed in Figure 3(a)). We validated the prediction model in
the test set, and the result showed that the present prediction model also has a good discrimination in
test set (AUC of ROC: 0.793, 95% Cl: 0.724-0.862, as showed in Figure 3(b)). Furthermore, we performed
calibration curve analysis to test the �tting degree of nomogram. The calibration curve plot showed that
predicted probabilities against observed death rates indicated good concordance (as showed in Figure
3(c)). In the test set, the calibration curve plot also showed good concordance between the predicted
probabilities and the observed mortality (as showed in Figure 3(d)). In addition, we evaluate the clinical
utility of the prediction model by decision curve analysis. DCA curve showed that our prediction model
has a utility clinical practice (as showed in Figure 3(e) and Figure 3(f)).

Discussion
In the retrospective observational study, we found that the TTS patients have a hospital mortality rate of
13.04%. This rate of in-hospital mortality in our study was higher than the rate 2-5% in previous studies3–

6, this was due to our study only included the TTS patients admitted to ICU, these patients tend to have
more serious and complicated illness condition than the TTS patients in previous studies reported. Our
study demonstrated that age, myocardial infarction history, PT, WBC, hematocrit, anion gap, SOFA score
were important predictive factors for in-hospital mortality of severe TTS patients. Despite gender (male)
and serum potassium concentration in our study without statistical difference (as shown in Table 3),
several previous studies have identi�ed that gender (male) have a higher in-hospital mortality compared
with female17–18, thus, we also included gender as a predictor in the nomogram. In addition, multiple
studies have reported that serum potassium concentration was associated with poor prognosis of acute
heart failure patients19–20. Considering that almost all the TTS patients have moderate to severe cardiac
insu�ciency, thus, we included serum potassium in the �nal nomogram. The nomogram based on above
predictors showed a good predictive ability.
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Table 3

Lasso and multivariable regression analysis of risk factors
variable Lasso regression analysis Multivariable regression analysis

OR (95% CI) P value OR (95% CI) P value

Age (years old) 1.003 (1.001-1.005) 0.024 1.003 (1.001-1.005) 0.016

Gender (man) 1.078 (0.994-1.170) 0.072 1.051 (0.970-1.139) 0.104

myocardial infarction 0.924 (0.870-0.988) 0.041 0.920 (0.864-0.991) 0.043

Hematocrit 0.991 (0.985-0.999) 0.009 0.988 (0.993-0.999) 0.011

WBC 1.008 (1.003-1.014) 0.005 1.004 (1.000-1.009) 0.032

anion gap 1.014 (1.004-1.024) 0.008 1.011 (1.002-1.019) 0.026

Potassium 1.039 (0.975-1.108) 0.238 1.025 (0.971-1.083) 0.876

PT 1.003 (0.997-1.009) 0.121 1.005 (1.001-1.009) 0.045

SOFA 1.011 (1.001-1.021) 0.038 1.010 (1.001-1.017) 0.047

WBC: white blood cell; PT: prothrombin time; SOFA: sequential organ failure assessment

Gender is closely related to the onset and prognosis of TTS patients. Male with TTS were reported to
have a higher in-hospital mortality compared with female17,18,21 and were viewed as an independent risk
factor for in-hospital death in TTS patients in previous study22. In addition, male were related to adverse
composite events consist of cardiovascular death, severe pump failure, and fatal ventricular arrhythmias
(odds ratio 4.32, 95% CI 1.41–13.6) reported by a multicenter registry study of TTS23. The reason for
male gender is more likely to be in-hospital death probably is that men are more possible to exit
comorbidities such as COPD, coronary artery disease, a higher peak troponin-I level and to burden the
severity of myocardial injury than women. Moreover, men were more likely to have a physical stressor
compared with women, TTS patients induced by physicology were more likely to have malignancy, lower
hemoglobin, higher serum creatinine and died in the hospital than unphysicology24.

For women, their organism release estrogen which could mitigates myocardial damage. The protective
action for myocardial injury performed by estrogen was demonstrated by several studies in animal
experimental models25. In our study, 23.1% of our TTS patients were male and the in-hospital death rate
was 37.65% (32/85) in males. On the contrary, the in-hospital death rate was 5.65% (16/283) in females.
It seems that males have higher in-hospital mortality compared with female (37.65% vs 5.65%, P<0.001).
This result was same as the study performed by Yoshihiro Sobue et al22. However, to our surprise, gender
was not found to be a risk factor for in-hospital death in either univariate or multivariate regression
analyses. Recently, Budnik M et al study found that inhospital outcomes (arrhythmias, mechanical
complications, cardiogenic shock, mortality rate) were similar in both male and female groups after
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adjusted other confounding factors26. These results suggested that gender contribute for the in-hospital
death of TTS should be further research.

The sequential organ failure assessment (SOFA) score was applied to describe the time course of
multiple organ dysfunction. Recent studies showed that SOFA score was associated with survival in
severe cases27. Previous study revealed that increase SOFA during the �rst few days of ICU admission is
a good indicator of prognosis. Both the mean and highest SOFA scores are particularly useful predictors
of outcome28. In our study, the SOFA score of in-hospital death patients was statistically higher than
survival patients (7.27 vs 5.78, P=0.016). Multivariate logistic regression analysis demonstrates that sofa
score was an independent predictive factor for in-hospital mortality in TTS patients. Therefore, SOFA
score could be a good predictor for prognosis of TTS patients in intensive care units.

We included myocardial infarction history as predictor in the nomogram and found for the �rst time
patients with myocardial infarction history have lower in-hospital death rate than others without
myocardial infarction history. This point hasn’t been reported in previous study. Less is known on the in-
hospital outcome role of myocardial infarction history in TTS. In our study, survival patients with
myocardial infarction was statistically higher than in-hospital death patients (31.88% vs 18.75%,
P=0.093). The protective role of myocardial infarction history on in-hospital outcome for TTS patients
deserved us to investigate in the following research.

Currently, there were limited effective clinical predictive model to predict the in-hospital mortality in TTS
patients. To the best of our knowledge, it’s the �rst nomogram for predicting the in-hospital mortality of
TTS patients. Santoro F et al. developed the GEIST prognosis score (male sex, history of neurologic
disorder, right ventricular involvement, and left ventricular ejection fraction (LVEF)) for risk strati�cation
for in-hospital complications in patients with TTS29. Compared with Santoro F et al. study, our study
focused on the vital signs and blood laboratory tests information which were more easier to obtain. We
performed lasso regression and logistic regression to analysis the relevant clinical indicators in the
hospital outcomes of TTS patients, pick out the most important predictors. The results of performance
evaluation and validation revealed that our nomogram has a good discrimination. Echocardiographic
parameters can provide additional information to identify higher risk of hemodynamic deterioration
patients compared to other routine clinical information30. Citro R et al. revealed that LVEF, E/e' ratio,
reversible moderate to severe mitral regurgitation were independent correlates of major adverse events30.
These parameters have important clinical value, and future studies can add cardiac hyperparameters on
the basis of our study to increase the prediction e�ciency of the prediction model.

Study limitation

Several limitations must be acknowledged. First, we aimed to establish a rapid and simple nomogram for
predicting in-hospital mortality in TTS patients. The situation of TTS patients was very complex and there
were many factors related to the prognosis of their hospitalization. We only included the clinical data of
the patients within 24 hours after admission, and did not consider the intervention measures at the onset
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or after hospitalization, which has certain limitations; Second, our study did not further analyze the
causes of TTS, such as physical triggers or psychological triggers. Future studies can conduct a
subgroup analysis of speci�c causes of cardiac arrest for provide more evidence for this term.

Conclusions
We have established a risk prediction model by using admission characteristics of TTS patients could
help identify in-hospital mortality in TTS patients.
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Figure 1

lasso regression analysis; (a) lasso regression analysis; (b) cross validation

Figure 2

nomogram of in-hospital mortality predictive model in TTS patients
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Figure 3

performance evaluation and validation of the nomogram; (a) ROC curve analysis of the training set; (b)
ROC curve analysis of the test set; (c) the calibration curve plot of the training set; (d) the calibration curve
plot of the test set; (e) DCA curve of the training set; (f) DCA curve of the test set.
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