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Background: The number of patients with thrombocytopenia (TCP) is relatively high in intensive care units (ICUs). It is therefore 
necessary to evaluate the prognostic risk of such patients.
Aim: This study investigated the risk factors affecting the survival of patients with TCP in the ICU. Using the findings of this 
investigation, we developed and validated a risk prediction model.
Methods: We evaluated patients admitted to the ICU who presented with TCP. We used LASSO regression to identify important 
clinical indicators. Based on these indicators, we developed a prediction model complete with a nomogram for the development cohort 
set. We then evaluated the mode’s accuracy using a receiver operating characteristic (ROC) curve, calibration curves, and decision 
curve analysis (DCA) in a validation cohort.
Results: A total of 141 cases of ICU TCP were included in the sample, of which 47 involved death of the patient. Clinical results were 
as follows: N (HR 0.91, 95% CI 0.86–0.97, P=0.003); TBIL (HR 1.98, 95% CI 1.02–1.99, P=0.048); APACHE II (HR 1.94, 95% CI 
1.39, 2.48, P=0.045); WPRN (HR 6.22, 95% CI 2.86–13.53, P<0.001); WTOST (HR 0.56, 95% CI 0.21–1.46, P<0.001); and DMV 
[HR1.87, 95% CI 1.12–2.33]. The prediction model yielded an area under the curve (AUC) of 0.918 (95% CI 0.863–0.974) in the 
development cohort and 0.926 (95% CI 0.849–0.994) in the validation cohort. Application of the nomogram in the validation cohort 
gave good discrimination (C-index 0.853, 95% CI 0.810–0.922) and good calibration. DCA indicated that the nomogram was 
clinically useful.
Conclusion: The individualized nomogram developed through our analysis demonstrated effective prognostic prediction for patients 
with TCP in ICUs. Use of this prediction metric may reduce TCP-related morbidity and mortality in ICUs.
Keywords: thrombocytopenia, intensive care unit, nomogram, prediction model

Introduction
Platelets, which are cytoplasmic components shed by megakaryocytes, are one of the main cellular products of the blood 
and play an important role in hemostasis and coagulation.1 In healthy individuals, platelets adhere closely to the inner 
wall of capillaries in order to maintain their structural integrity. Under normal physiological conditions, vascular 
endothelial cells or blood cells do not interact with each other. However, when the blood vessel wall is damaged, 
platelets exert their biochemical aggregation and adhesion characteristics.2 Most platelets exist in the blood and 
participate in various metabolic processes of the body. A small part of platelets exist in extravascular organs or tissues, 
such as the spleen. Under certain circumstances, platelets can enter and exit blood vessels and participate in various 
physiological and pathological metabolic processes of the body.3

Relevant studies have found that a certain subset of platelets can participate in the inflammatory response through 
a variety of means.4 Currently, it is generally believed that platelets can directly participate in the coagulation process and 
the regulation of inflammation.5 Abnormal platelet count (PLT) is an observation index related to the occurrence and 
prognosis of cardiovascular disease, respiratory system, sepsis and cancer.6–8
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Thrombocytopenia (TCP), the insufficiency of platelet levels within the blood, is one of the most common 
complications in intensive care unit (ICU) patients. Multiple pathophysiological mechanisms can contribute to the 
development of TCP, including thrombin mediated platelet activation, dilution, hemophagocytosis, extracellular histones, 
ADAMTSL3 deficiency, and complement activation.9 TCP is more common in critically ill patients, and the occurrence 
of TCP strongly correlates with longer hospital stays and worse survival.10 The incidence of TCP in critically ill adult 
patients can range from 8.3–67.6% upon admission to the ICU, and 14–44% during ICU treatment.11 Naturally, critically 
ill patients who develop TCP have significantly higher rates of bleeding, transfusion, and death,12,13 with TCP being 
considered an independent risk factor for mortality in ICU patients14 and for poor prognosis.15

The causes of thrombocytopenia are legion, and include: systemic infection, immune-mediated platelet destruction, 
disseminated intravascular coagulation, bone marrow suppression, hemodilution caused by massive blood transfusion 
and plasma, increased platelet consumption due to trauma or hemorrhage, separation or storage of platelets in lung or 
reticuloendothelial system due to acute respiratory distress syndrome, and drug factors such as heparin.16,17 A sharp drop 
in PLT predicts poor prognosis in adult ICU patients.18

Early prediction of possible abnormalities and effective intervention in their early stages can reduce mortality and 
improve prognosis. To the best of our knowledge, there is no established clinical prediction model based on ICU patients 
that precisely predicts patient survival rate. Therefore, the aim of this study was to develop and validate a nomogram 
incorporating clinical risk factors for predicting survival in patients with TCP in the ICU.

Materials and Methods
Study Population
Clinical data from 270 patients admitted to the ICU of the Affiliated Hospital of Hangzhou Normal University from 
January 2020 to December 2021 were collected. Data encompassed the patient’s stay from admittance to the ICU all the 
way up to the 28th day following admission. Patients were divided into two groups depending on whether or not they 
died during the 28-day period. Patients meeting the following criteria were excluded: (1) having received immunotherapy 
or chemoradiotherapy in the last three months; (2) having primary myelodysplastic disorders such as aplastic anemia; (3) 
having experienced thrombosis or similar disease within one month prior to their admittance to the ICU; (4) having 
systemic lupus erythematosus or other immune-related diseases; (5) patients with lower-than-normal PLT (>100×109/L) 
at review after admission.

Following these screening criteria, we were left with 141 suitable candidates, aged 18–75. Among this cohort, there 
were 67 cases of sepsis, 33 cases of trauma, 19 cases of cerebral hemorrhage, and 22 cases of gastrointestinal 
hemorrhage. This study met the standards of medical ethics and was approved by the Ethics Committee of the 
Affiliated Hospital of Hangzhou Normal University (approval number: 202211211559000157124). Informed consent 
was obtained from each patient or from their family, and this study complies with the Declaration of Helsinki.

Statistical Analysis
Continuous variables were summarized as means ± standard deviation (SD), whereas categorical variables were 
expressed as frequencies and percentages. Continuous variables were compared using Student’s t-test, while categorical 
variables were compared using the chi squared test.

We evaluated twenty-four different clinical indicators as candidate prognostic factors. Least absolute shrinkage and 
selection operator (LASSO) regression was applied to minimize the potential collinearity of variables measured from the 
same patient and over-fitting of variables.19 We used L1-penalized LASSO regression for multivariable analyses, 
augmented with 10-fold cross validation. This is a logistic regression model that penalizes the absolute size of the 
coefficients of a regression model based on the value of λ. The larger the penalty, the stronger the weak factors shrink 
toward zero, so that only the strongest predictors remain in the model. The most predictive covariates were selected by 
the minimum λ. The R package “glmnet” was used to perform the LASSO regression.

Following predictor selection, multivariate logistic regression analysis was used to develop the risk prediction models 
for TCP in the ICU. The results of this analysis are described as hazard ratio (HR) ± 95% confidence interval (CI), along 
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with the corresponding P values. The data were randomly divided into development and validation cohorts at a ratio of 
7:3, respectively. Receiver operating characteristic (ROC) curves and the area under the curve (AUC) values were used to 
evaluate the classification of the model in both the development and validation cohorts, with an AUC close to 1 
indicating good predictive ability.20 A calibration slope with point-wise 95% confidence limits was used to estimate 
the calibration of the model, with a reference line of 45° indicating perfect calibration.21 Decision curve analysis (DCA) 
was conducted to determine the clinical usefulness of the radiomics nomogram by quantifying the net benefits at different 
threshold probabilities in the validation dataset.22

In this paper, all tests were two-tailed, with a P value threshold of 0.05 for statistical significance. Statistical analysis 
was conducted in R statistical software (version 3.6.1; http://www.Rproject.org).

Results
Clinical Data
Patient demographics and baseline stats are shown in Table 1. Among 141 patients, 47 (34.1%) died and 94 (65.9%) survived. 
There were no significant differences in age, sex, diabetes, hypertension, chronic obstructive pulmonary disease (COPD), 
coronary heart disease, malignant tumor, renal insufficiency, or other diseases between the two groups (P > 0.05).

Comparison of clinical baseline indicators between the two groups is shown in Table 2. The differences between the 
two groups were observed in PLTmin, WBC, N, TBIL, aspartate aminotransferase (AST), APACHE II, number of days 
with TCP (NDTH), WPRN, WTOST, and DMV (all P<0.05).

Table 1 Basic Data and Clinical Characteristics of Patients

Death (n=47) Survival (n=94) P value

Age (mean ± SD) 71.6 ± 20.9 70.4 ± 17.1 0.728

Sex 0.952
Female 21 (44.7%) 40 (42.6%)

Male 26 (55.3%) 54 (57.4%)

Diabetes (n, %) 0.591
No 40 (85.1%) 75 (79.8%)

Yes 7 (14.9%) 19 (20.2%)

Hypertension (n, %) 0.858
No 26 (55.3%) 49 (52.1)

Yes 21 (44.7%) 45 (47.9)

COPD (n, %) 0.67
No 40 (85.1%) 78 (83.9)

Yes 7 (14.9%) 15 (16.1)

CHD (n, %) 0.833
No 35 (74.5%) 73 (77.7)

Yes 12 (25.5%) 21 (22.3)

Malignant tumor (n, %) 0.52
No 43 (91.5%) 90 (95.7)

Yes 4 (8.5%) 4 (4.3%)

Renal insufficiency (n, %) 0.89
No 42 (89.4%) 84 (89.4%)

Yes 5 (10.6%) 10 (10.6%)

Others (n, %) 0.275
No 34 (72.3%) 77 (81.9%)

Yes 13 (27.7%) 17 (18.1%)

Abbreviations: COPD, chronic obstructive pulmonary disease; CHD, coronary heart disease.
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Optimal Clinical Indicators Selected
To identify potentially significant clinical indicators associated with prognostic survival in patients with TCP, we 
conducted univariate regression analysis for each of the 24 clinical indicators, looking for those with nonzero coefficients 
(Figure 1A and B). This narrowed our search to six potential predictive factors: N, TBIL, APACHE II, WPRN, WTOST, 
and DMV (Figure 1C).

To further investigate the relationship between the above six clinical features and survival, we conducted multi-
variable logistic regression analysis (Table 3). The results of this analysis for each of these clinical features were as 

Table 2 Clinical Indicators of Patients in the Two Groups

Death (n=47) Survival (n=94) P value

PLT1 (mean ± SD) 73.4 ± 19.8 76.0 ± 19.7 0.474
PLTmin (mean ± SD) 38.4 ± 25.5 59.1 ± 21.3 <0.001

WBC (mean ± SD) 11.7 ± 6.9 8.9 ± 4.7 0.005

N (mean ± SD) 88.7 ± 6.1 83.0 ± 11.0 0.001
HB (mean ± SD) 87.9 ± 29.4 93.5 ± 30.1 0.297

CRP (mean ± SD) 94.2 ± 76.8 76.3 ± 72.1 0.176

LAC (mean ± SD) 4.4 ± 4.4 2.8 ± 5.5 0.076
TBIL (mean ± SD) 30.7 ± 31.7 20.1 ± 19.4 0.016

ALT (mean ± SD) 140.7 ± 371.6 82.3 ± 239.3 0.261
AST (mean ± SD) 246.6 ± 751.6 77.0 ± 129.3 0.035

ALB (mean ± SD) 27.3 ± 8.4 28.5 ± 7.9 0.392

CRE (mean ± SD) 130.2 ± 114.3 116.2 ± 96.6 0.449
PCT (mean ± SD) 13.2 ± 23.1 7.5 ± 16.3 0.096

APACHE II (mean ± SD) 22.4 ± 6.4 18.5 ± 7.7 0.005

NDTH (mean ± SD) 8.0 ± 6.1 5.5 ± 4.2 0.005
DT (mean ± SD) 3.9 ± 5.5 2.9 ± 3.3 0.171

WPRN (n, %) <0.001

No 28 (59.6%) 18 (19.1%)
Yes 19 (40.4%) 76 (80.9%)

WTOST (n, %) 0.041

No 28 (59.6%) 82 (88.2%)
Yes 19 (40.4%) 11 (11.8%)

Antiplatelet drug (n, %) 0.927

No 42 (89.4%) 82 (87.2%)
Yes 5 (10.6%) 12 (12.8%)

Anticoagulant (n, %) 0.591

No 40 (85.1%) 75 (79.8%)
Yes 7 (14.9%) 19 (20.2%)

Platelet infusion (n, %) 0.184

No 43 (91.5%) 92 (97.9%)
Yes 4 (8.5%) 2 (2.1%)

Platelet enhancer (n, %) 1.000

No 45 (95.7%) 91 (96.8%)
Yes 2 (4.3%) 3 (3.2%)

DMV (mean ± SD) 8.8 ± 9.4 2.3 ± 4.9 <0.001

CRRT (%) 0.522
No 43 (91.5%) 81 (86.2%)

Yes 4 (8.5%) 13 (13.8%)

Abbreviations: PLT1, platelet count at time of hospitalization; PLTmin, minimum platelet count during hospitalization; WBC, white 
blood cell count; N, neutrophil count; HB, hemoglobin level; CRP, C-reactive protein; LAC, blood lactic acid; TBIL, total bilirubin; ALT, 
alanine transaminase; AST, aspartate aminotransferase; ALB, albumin; CRE, creatinine; PCT, procalcitonin; APACHE II, Acute 
Physiology and Chronic Health Evaluation II; NDTH, number of days with TCP; DT, day post admission to the ICU at which TCP 
was diagnosed; WPRN, whether platelets returned to normal; WTOST, whether TCP occurred a second time; DMV, duration of 
mechanical ventilation; CRRT, continuous renal replacement therapy.
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follows:, N (HR 0.91, 95% CI 0.86–0.97, P=0.003), TBIL (HR 1.08, 95% CI: 1.02–1.99, P=0.048), APACHE II (HR 
1.94, 95% CI:1.39–2.48, P=0.045), WPRN (HR 6.22, 95% CI: 2.86–13.53, P<0.001), WTOST (HR 0.56, 95% CI: 0.21– 
1.46, P<0.001) and DMV (HR 1.87, 95% CI:1.12–2.33, P<0.001). We further verified that there was no statistically 
significant difference in those features between the development cohort set and validation cohort set (all P>0.05) 
(Supplementary Table 1).

Nomogram Establishment
From these results, we constructed a nomogram for predicting survival risk (Figure 2A). This prediction model 
yielded an AUC of 0.918 (95% CI 0.863–0.974) in the development cohort and 0.926 (95% CI 0.849–0.994) in the 
validation cohort (Figure 2B). The calibration curves of the combined nomogram showed good calibration perfor-
mance in both the development and validation cohort. We observed high agreement between the ideal curves and the 
calibration curves, with a C-index value of 0.853 (95% CI, 0.810–0.922) in the development cohort (Figure 2C–D).

Clinical Use
The DCA curve revealed a more extensive range of cutoff probabilities shown by the nomogram. The threshold 
probabilities of the model had excellent net benefits and enhanced performance for predicting survival risk in the 
development cohort and validation cohort with TCP patients (Figure 3).

Figure 1 Clinical feature selection using LASSO binary logistic regression model. (A) Tuning parameter (λ) selection in the LASSO model used 10-fold cross-validation via 
minimum criteria. The AUC curve was plotted against log λ. Dotted vertical lines were drawn at the optimal values by using the minimum criteria ± 1 standard error (the 
1-SE criteria). A λ value of 0.042, with log (λ) of −3.170 was chosen according to 10-fold cross-validation. (B) LASSO coefficient profiles of the 24 clinical indicators. 
A coefficient profile plot was produced against the log (λ) sequence. A vertical line was drawn at the value selected using 10-fold cross-validation, where optimal λ resulted in 
six nonzero coefficients. (C) The six selected indicators with the most discriminative value according to the best penalty parameter λ.

Table 3 Multivariate Logistic Regression Analysis of Clinical Indicators

Hazard Ratio (95% CI) P value

N 0.91 (0.86, 0.97) 0.003
TBIL 1.08 (1.02, 1.99) 0.048

APACHE II 1.94 (1.39, 2.48) 0.035

WPRN (Ref=Yes) 6.22 (2.86, 13.53) <0.001
WTOST (Ref=Yes) 0.56 (0.21, 1.46) <0.001

DMV 1.87 (1.12, 2.33) <0.001
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Discussion
ICU patients are often characterized by high morbidity and mortality. In clinical practice, ICU patients are usually 
transferred thereto from different departments, such as cardiovascular disease, respiratory disease, neurological disease, 
gastroenterological disease, etc., in all of which the incidence of thrombocytopenia has been rising year after year.23,24 In 
this study, we have established a clinical prediction model based on clinically important indicators. This model accurately 
reflects the survival probability and prognosis of critically ill patients with TCP, which can aid in important clinical 
decision making.

We found that patients who died had higher APACHE II scores and longer DMV than those who survived, which is 
consistent with the findings of other studies.25 The APACHE II score in the death group was higher than that in the 
survival group, suggesting that the condition in the death group was critically ill. The proportion of patients for whom 
platelets did not return to normal was 59.6% among those who eventually died and 40.4% in those in whom 
thrombocytopenia recurred. PLT changes, also found in more than 1400 ICU patients, have been associated with 
increased mortality, and they suggest that PLT is as good a predictor as APACHE II score in judging the prognosis of 
critically ill patients.26

The onset, rate, and duration of platelet decline vary among critically ill patients, and their clinical significance varies. 
A rapid or sustained decrease in PLT within a short period of time often suggests that patients may develop acute platelet 
dysfunction with poor prognosis, urgently necessitating identification of the etiology of the decrease and prompt 

Figure 2 Establishment and validation of clinical prediction model. (A) Nomogram lists of the prediction model; (B) ROC curves of the prediction model; (C) Calibration 
curves of the nomogram in the development cohort; (D) Calibration curves of the nomogram in the validation cohort.
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intervention therefor.26 Previous studies have shown that case fatality and complication rates are significantly higher if 
PLT in critically ill patients takes longer than four days to recover.27 For example, Akca et al28 reported that critically ill 
patients with reduced PLT persisting for up to 14 d after admission to the ICU have a case fatality rate as high as 66%, 
whereas those with normalized or elevated PLT have a case fatality rate of only 16%. In addition, the recovery speed of 
platelets also helps to inform prognosis. Statistically, after the development of TCP in critically ill patients, those whose 
PLT increases by an average of about 30 × 109/L per day tend to survive, whereas those whose counts do not increase by 
more than 6 × 109/L typically die.29 Therefore, the survival prognosis indicators found in this article that affect TCP 
critically ill patients can provide reference for clinical judgment.

Patients with thrombocytopenia in the ICU are often caused by many factors. First, the cause of thrombocytopenia is 
determined from the aspects of reduced platelet production, increased consumption, increased destruction, and reduced 
platelet dilution. Inflammatory mediators, immune factors, drug action, and special treatment can all lead to thrombo-
cytopenia. It is necessary to identify the main causes of this change and take clinical treatment measures according to the 
causes.

To summarize, this study developed a prediction of survival probability for thrombocytopenic patients in the ICU 
based on six important clinical indicators identified by the LASSO algorithm. The nomogram prediction model was 
developed and validated in the validation set based on the prediction model, with an area under the ROC curve (AUC) 
of 0.926 (95% CI 0.849–0.994), and the model also achieved satisfactory performance in model evaluation methods 
such as calibration curve and clinical decision curve, indicating high accuracy. In recent years, the design and 
interpretability of clinical prediction models based on artificial intelligence methods have also been greatly 
developed.30–32 We believe that, as awareness of AI technology in critical care medicine increases and other 
disciplines continue to develop, critically ill patients with TCP will receive more individualized, refined treatment 
and prognostic management.

Data Sharing Statement
The original data are available on request to Shi-Jin Lv, or at the Affiliated Hospital of Hangzhou Normal University, 
Hangzhou, 310014, China.

Figure 3 Nomogram decision curve analysis; y-axis measures = net benefit.
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