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Purpose: To establish and validate a nomogram model for predicting stress-related gastrointestinal bleeding in critically ill patients
with primary intracerebral hemorrhage.

Patients and Methods: From January 2018 to March 2021, we conducted a hospital-based study by screening eligible patients with
acute intracerebral hemorrhage. Univariate and multivariate logistic regression analyses were performed to determine the predictors for
stress-related gastrointestinal bleeding in patients with primary intracerebral hemorrhage. The nomogram was constructed on the basis
of multivariate logistic model and was internally validated by bootstrap resampling. The discriminative performance of the nomogram
was evaluated using the calibration and concordance index (C-index), which was equal to the area under the curve of receiver-
operating characteristics. Hosmer-Lemeshow test was performed to check the model’s goodness of fit. A decision curve analysis was
used to assess its clinical utility.

Results: A total of 410 patients were enrolled in this study. Stress-related gastrointestinal bleeding occurred in 115 patients (28.0%).
Multivariate analysis demonstrated that gastric pH at admission [odds ratio (OR): 0.52, 95% confidence interval (CI): 0.41-0.66, P <
0.001], ICH volume (OR: 1.03, 95% CI: 1.02—-1.05, P < 0.001) and sepsis (OR: 2.56, 95% CI: 1.54-4.25, P < 0.001) were independent
predictors for stress-related gastrointestinal bleeding in critically ill patients with ICH. The nomogram including gastric pH at
admission, ICH volume and sepsis presented good discrimination with C-index of 0.770 (95% CI: 0.716 to 0.822), which was
confirmed to be 0.764 through bootstrapping validation. The calibration plot showed good agreement between the predicted and
observed outcomes. The Hosmer—Lemeshow test showed a goodness-of-fit (Chi-Square = 8.085, DF = 8, P = 0.425). Decision curve
analysis demonstrated that the nomogram was clinically beneficial.

Conclusion: The proposed nomogram based on gastric pH at admission, ICH volume and sepsis can accurately predict the risk of
stress-related gastrointestinal bleeding in critically ill patients with primary intracerebral hemorrhage.
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Introduction

Upper gastrointestinal bleeding is a common and serious complication in critically ill patients in the intensive care unit
(ICU), which is called stress-related gastrointestinal bleeding (SGIB) or stress ulcer. Usually, patients with intracerebral
hemorrhage (ICH) are at high risk for SGIB, which is significantly associated with unfavorable outcomes.' Thus,
patients with ICH who are susceptible to SGIB are routinely recommended to accept acid-suppressive therapy as stress
ulcer prophylaxis (SUP) due to the contribution of gastric acid to stress ulcer.*”” However, not all ICH patients benefit
from acid suppressants on account of their adverse reactions.® Hence, it is necessary and important to identify those
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patients at high risk for SGIB. To date, there have been a few studies concerning risk factors associated with SGIB in
ICH patients.">! However, the performances of the previous models have not been tested, which are limited to
clinical use.

Nomogram, a graphical statistical instrument, has been generally performed in medical decision-making or other
specialties by calculating the continuous probability of a particular outcome for an individual patient.'"'> In the present
study, we aimed at identifying predictors for SGIB in critically ill ICH patients and constructing a nomogram based on
a multivariable regression model. Furthermore, the performance and clinical benefits of the nomogram were assessed.

Materials and Methods

Study Design

This was a retrospective and observational study. Patients with ICH who were admitted to the neurological and
neurosurgical intensive care unit of First Affiliated Hospital of University of South China from January 2018 to
March 2021 participated in the investigation. This study was conducted according to the guidelines of the Declaration
of Helsinki and approved by the Institutional Ethical Committee of The First Affiliated Hospital, Hengyang Medical
School, University of South China. We obtained written informed consent from the patients or their legal surrogates in
accordance with national regulations.

Participants

Patients aged >18 years with spontaneous ICH within 24 hours of onset were screened. Primary ICH was defined as
intraparenchymal bleeding, which was proven by computed tomography (CT), excluding those secondary causes:
arteriovenous malformation or aneurysmal hemorrhage, brain tumor, brain trauma, hemorrhagic transformation of
a cerebral infarction. Obviously, the patients with primary intraventricular hemorrhage (IVH) were excluded. In order
to eliminate the possible confounder effect of disorders, patients with a history of pre-existing gastritis, gastric/duodenum
ulcer, gastrointestinal hemorrhage, liver and kidney disease, bleeding diathesis and medication of antiplatelet, antic-
oagulant, nonsteroidal anti-inflammatory drugs (NSAIDS) or steroids were excluded.

Clinical Data

Characteristics of the patients at baseline included age, sex, systolic blood pressure (SBP) and diastolic blood pressure
(DBP) on admission, gastric pH at admission, Glasgow Coma Scale (GCS) at admission, hematoma location, ICH
volume, intraventricular extension, midline shift, surgical treatments for ICH (such as external ventricular drain place-
ment and hematoma evacuation), mechanical ventilation (MV) and sepsis. The hematoma size was calculated as A x B x
C/2."* The pH of the gastric aspirates was measured with a precision acidity meter (PHS-2C, KUANSONS, Shanghai)
and recorded within 2 hours after admission. GCS was used to assess the severity of consciousness impairment. The
diagnostic criteria for Systemic Inflammatory Response Syndrome (SIRS) was considered if at least two of the following
features were present: (1) temperature >38°C or <36°C, (2) heart rate >90/min, (3) respiratory rate >20/min or PaCO,
<32mmHg (4.3 kPa), (4) leucocyte counts >12,000/mm> or <4000/mm® or more than 10% immature bands. Sepsis is
defined as SIRS caused by a dysregulated host response to infection.'*

Definition of Gastrointestinal Bleeding
Gastrointestinal bleeding, which occurred during hospitalization, was defined as any episode of fresh blood or coffee

1.'> Of note, the patients were routinely

ground materials in nasogastric aspirate, hematemesis, melena or bloody stoo
administered with intravenously PPIs (pantoprazole or omeprazole) with 40 mg ql2h for SUP within 24 hours after

admission.

Statistical Analysis
The #-test or Mann—Whitney U-test was used to analyze the continuous variables. The Chi-square test was used to assess
the categorical variables. All variables were analyzed using univariate logistic regression to determine their association
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with SGIB in ICH patients. Variables that showed a significant (P<0.05) univariate association with SGIB or a biological
plausibility on factors that might influence SGIB were included in the final model (stepwise multiple logistic regression
analysis). Based on the risk factor identified in multivariate analysis, a nomogram was built. The calibration, discrimina-
tion and clinical usefulness of the nomogram were calculated to evaluate its performance. The predictive accuracy and
discrimination of the nomogram was evaluated by the concordance index (C-index), which was identical to the area
under the curve (AUC) of the receiver- operating characteristic curve (ROC). Bootstrapping validation (1000 bootstrap
resamples) was used to calculate a relatively corrected C-index.'® Calibration curve (1000 bootstrap resamples) was
conducted to verify the calibration of the prediction nomogram. In general, a C-index value >0.70 indicated that the
model was good for discrimination. Hosmer-Lemeshow test was performed to check the model’s goodness of fit.
Decision curve analysis (DCA) was performed to assess the clinical usefulness of the nomogram by quantifying the
standardized net benefits at different threshold probabilities. Statistical analyses were conducted using SPSS (ver.23.0;
SPSS Inc., IL, USA) and R software, version 4.0.2 (The R Foundation for Statistical Computing, Vienna, Austria; http://
www.R-project.org/). A two-sided p <0.05 was considered statistically significant.

Results

Baseline Characteristics

This study included 410 participants. A flowchart of the study population is shown in Figure 1, and the clinical
characteristics of the participants are summarized in Table 1. 231 men and 179 women were included. The median
age of the patients was 69 years (IQR, 61-76 years). The median volume of hematomas was 27 mL (IQR, 1743 mL).
The median GCS at admission was 7 (IQR, 6-8). The median measured gastric pH was 2.48 (IQR, 1.74-3.56). SGIB

715 patients with ICH proven by CT
within 24 hours of onset

277 patients excluded
due to exclusion criteria

438 patients were included

28 patients excluded
—| because of missing
gastric pH at admission

Y

115 patients with SGIB
295 patients without SGIB

Figure | Participant flowchart. ICH indicates intracerebral hemorrhage.
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Table | Clinical Characteristics of Participants with or without SGIB

Variables Total (n = 410) Without SGIB (n = 295) With SGIB (n = 115) p value
Age, y (median[IQR]) 6961, 76] 69[61, 76] 69[60, 77] 0.641
Male Sex, n (%) 231 (56.3) 161 (54.6) 70 (60.9) 0.297
BP at admission:

SBP mmHg (median[IQR]) 170.5[158, 181] 170[157, 180] 171[162, 182] 0.165

DBP mmHg (median[IQR]) 99189, 109] 99[89, 108.5] 99[91, 109.5] 0.731
Initial gastric pH (median[IQR]) 2.48[1.74, 3.56] 2.69[2.09, 3.70] 1.66[1.30, 2.51] <0.001
GCS at admission (median[IQR]) 7[6, 8] 76, 8] 76, 8.5] 0.35
ICH position: n (%) 0.524

Lobar 102 (24.9) 67 (22.7) 35 (30.4)

Basal Ganglia 184 (44.9) 135 (45.8) 49 (42.6)

Thalamus 72 (17.6) 53 (18.0) 19 (16.5)

Brain stem 34 (8.3) 27 (9.2) 7 (6.1)

Cerebellum 18 (4.4) 13 (4.4) 5(4.3)
Intraventricular extension (+), n (%) 195 (47.6) 137 (46.4) 58 (50.4) 0.537
Surgical treatment (+), n (%) 100 (24.4) 69 (23.4) 31 (27.0) 0.53
Midline shift (>10mm), n (%) 48(11.7) 29(9.8) 19(16.5) 0.085
ICH volume (median[IQR], mL) 27 [17, 43] 25[16, 39] 38 [23, 6] <0.001
Sepsis (+), n (%) 124 (30.2) 74 (25.1) 50 (43.5) <0.001
MV (+), n (%) 139 (33.9) 91 (30.8) 48 (41.7) 0.048

Abbreviations: SGIB, stress-related gastrointestinal bleeding; SBP, systolic blood pressure; DBP, diastolic blood pressure; GCS, Glasgow Coma Scale; MV, mechanical
ventilation.

occurred in 115 patients (28.0%). There were no significant differences in clinical characteristics including age, sex,
blood pressure at admission, GCS at admission, ICH position, ratios of surgical treatment, occurrence of intraventricular
extension and midline shift between SGIB and non-SGIB groups. Clinical characteristics including gastric pH at
admission (P<0.001), MV (P=0.048), ICH volume (P< 0.001) and occurrence of sepsis (P< 0.001) were significantly
different between the two groups, indicating potential roles of these factors in logistics model.

Univariate and Multivariate Analysis

Univariate analysis revealed significant associations between SGIB in ICH patients and gastric pH at admission
(OR:0.50, 95% CI:0.39-0.63, P< 0.001), ICH volume (OR:1.04, 95% CI:1.02-1.05, P<0.001), sepsis (OR:2.30, 95%
CI:1.46-3.62, P<0.001) and MV (OR:1.61, 95% CI:1.03-2.51, P = 0.037). All these candidate factors were included in
the multivariate analysis. In the final prediction model based on multivariable logistic regression, gastric pH at admission
(OR: 0.52, 95% CI: 0.41-0.66, P<0.001), ICH volume (OR: 1.03, 95% CI: 1.02-1.05, P<0.001) and sepsis (OR: 2.56,
95% CI: 1.54-4.25, P<0.001) remained independent predictors. The results were shown in Figure 2.

Construction and Validation of the Nomogram
A nomogram was established with the three factors obtained from the multivariable regression model. The nomogram
was generated by assigning a weighted score to each of the independent predictors. The probability of SGIB in ICH
patients ranged from 0.05 to 0.95. A higher score calculated from the sum of the assigned points for each predictor in
the nomogram corresponded to a higher probability of SGIB in ICH patients. The nomogram including gastric pH at
admission, ICH volume and sepsis presented good discrimination with C-index of 0.770 (95% CI: 0.716 to 0.822),
which was equal to the AUC of the ROC plot. The corrected C-index was confirmed to be 0.764 through boot-
strapping validation. The calibration plot showed good agreement between the predicted and observed outcomes. The
Hosmer-Lemeshow test showed a goodness-of-fit (Chi-Square = 8.085, DF = 8, P = 0.425). The results are shown in
Figure 3.

The DCA showed the net benefits obtained from the application of our nomogram with threshold probabilities of
0.097 to 0.843. This corroborated the good clinical applicability of the nomogram in predicting SGIB in critically ill
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Univariables(selected variables) ____OddRatios =~~~ 95%CI_____pwalue
Age(y) 1.01(0.99,1.03) 0.534
sex(male) H—e— 1.29(0.84,2.02) 0.249
SBP(mmHg) 1.01(1.00,1.02) 0.224
DBP(mmHg) 1.00(0.99,1.02) 0.783
gastric pH at admission e 0.50(0.39,0.63) <0.001
MV(+) F——i 1.61(1.03,2.51)  0.037
ICH volume(ml) y 1.04(1.02,1.05) <0.001
GCS at admission Hed 1.07(0.93,1.23) 0.358
sepsis(+) —e—i 2.30(1.46,3.62) <0.001
ICH position:

Basal ganglia —e— 0.69(0.41,1.18) 0.173
Thalamus ——— 0.69(0.35,1.32) 0.267
Brain stem e 0.50(0.18,1.20) 0.138
Cerebellum — 0.74(0.22,2.13)  0.589
Intraventricular extension (+) —re—i 1.17(0.76,1.81)  0.467
Midline shift(+) —e— 1.82(0.96,3.37)  0.061
Surgical treatment(+) —e—i 1.21(0.73,1.97)  0.450
Multivariablemodel |
ICH volume(ml) ’ 1.03(1.02,1.05) <0.001
gastric pH at admission e 0.52(0.41,0.66) <0.001
sepsis(+) —e— 2.56(1.54,4.25) <0.001

I T 1
0.10 1.0 10.0 100.0

Figure 2 Forest plot of odds ratio based on univariate logistic analysis and multivariable logistic regression model associated with SGIB.
Abbreviations: Cl, confidence interval; OR, odds ratio; SBP, systolic blood pressure; DBP, diastolic blood pressure; GCS, Glasgow Coma Scale; MV, mechanical ventilation;
ICH, intracerebral hemorrhage.

patients with ICH because the ranges of threshold probabilities were wide and practical. The results are shown in
Figure 4.

Discussion

In the present study, we focused on the critically ill patients with ICH and found that 28.0% of the patients with severe
ICH developed SGIB during hospitalization. We presented a nomogram based upon gastric pH at admission, ICH volume
and sepsis to predict the probability of SGIB after ICH. The discrimination and calibration of the nomogram was
confirmed to be satisfactory.

There are limited data on prediction models for the occurrence of SGIB in ICH, especially for critically ill patients.
The previous models or scores are limited by the use of dichotomization/categorization of predictors, in which predictive
accuracy may decrease due to categorizing continuous variables into several risk groups. Comparatively, a nomogram is
generally performed as a statistical model with the ability to generate an individual probability of a clinical event by
integrating diverse prognostic and determinant variables, which is useful for achieving personalized medication.'”
Therefore, we constructed a nomogram comprising gastric pH at admission, ICH volume and sepsis.

The important predictors for SGIB included in the nomogram were gastric pH at admission and hematoma volume.
This meant patients with low gastric pH or large hematoma volume were susceptible to the occurrence of SGIB. In
accordance with previous reports, hematoma volume could predict well stress ulcer for ICH patients.'* In addition, we
took gastric pH at admission into consideration. As a result, gastric pH at admission was demonstrated to be a predictor
for SGIB in ICH patients. From the point of view of the mechanism, a large hematoma may result in an increase of
intracranial pressure when ICH occurs. The raised intracranial pressure may cause vagal hyperactivity, leading subse-
quently to mucosal ischemia and increased gastric acid secretion.'®'® Of note, the primary pathophysiologic mechanism
leading to SGIB is ischemia and reperfusion injury, although the formation of stress ulcer was multifactorial.** To our
knowledge, this is the first study where gastric pH at admission as a potential risk factor for SGIB is considered and
evaluated.

Sepsis was another well-known predictor of SGIB after ICH. Patients with ICH, especially in severe cases, often tend
to be complicated by infection, which in turn can lead to sepsis. The incidence of sepsis in the present study was 30.2%.
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Figure 3 ROC curve of the prediction model for SGIB after ICH (A); calibration curves for the prediction model for SGIB after ICH from the nomogram: the y-axis
represents the actual rate of SGIB, the x-axis represents the predicted risk of SGIB (B). A nomogram based on multivariable logistic model for predicting SGIB after ICH
©)-

For critically ill patients in intensive care unit, several studies have highlighted the importance of septicemia in producing
SGIB.'*?! Likewise, in our study sepsis played a very vital role in inducing stress ulcer after severe ICH. One possible
reason was that sepsis could trigger a massive release of inflammatory cytokines, which could exacerbate gastrointestinal
mucosal ischemia caused by brain damage, thereby promoting the development of stress ulcer.?***

Then, we assessed the performance of the nomogram. Compared with the previously reported results, the nomogram
composition of gastric pH at admission, ICH volume and sepsis in this study showed good discrimination. The calibration
suggested a general consistency between the predicted and actual risk of SGIB. The DCA proved its clinical utility. Thus, the
nomogram was a reliable model to evaluate the risk of SGIB in ICH. For those patients with ICH at high risk for SGIB, we
can take a relatively aggressive implementation of pharmacological prophylaxis because those patients might benefit from

1,10

more aggressive prophylaxis. Compared with the previous prediction models, "~ we made comprehensive evaluation on the
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High Risk Threshold

Figure 4 Decision curve analysis of the proposed nomogram model. The red solid line represents the model; the grey solid line represents the assumption that all subjects
are actively treated; and the dotted line indicates that all patients were not treated.

performance and clinical benefits of the nomogram and underlined the value of its clinical utility. Comparatively, an
important novelty was that we identified gastric pH at admission as a potential risk factor for SGIB.

In fact, recent evidence has highlighted the controversy of SUP due to the increased adverse reactions of acid-
suppressive therapy and the perceived decline in occurrence of stress ulcer.”*** Adverse effects associated with
PPIs, including mainly the risk of pneumonia and Clostridium difficile infection, may partly counterbalance their
potential benefits.>*2° Therefore, it was quite important for clinicians to identify those patients with ICH at high
risk for SGIB. Now, we built a nomogram with satisfactory discrimination and calibration. This nomogram model
can help clinicians to identify those patients precisely at high risk for SGIB. Accurate prediction of the risk of
SGIB in patients with ICH helps with appropriate treatment decisions, avoiding lack of treatment and over-
treatment.

The present study has the following limitations. First, this was a retrospective study, so some potential confounders
that might have some impact on the risk of SGIB after ICH were neglected. Second, this study was single-centered and
demographic characteristics were not the absolute same as those of the general population, causing a selection bias.
Finally, the clinical effect of this nomogram in actual application might be less accurate owing to the limited samples.
A multicenter validation study is still needed to confirm the performance of our nomogram before its application into
clinical practice. Despite these limitations, to our knowledge, this study is the first attempt to establish a predictive
nomogram for SGIB in critically ill patients with ICH.

Conclusion
We proposed and validated a nomogram model that included gastric pH at admission, ICH volume and sepsis, which can
provide an individual and precise prediction of the risk probability of SGIB following hemorrhagic stroke in Chinese patients.
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