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Abstract

Introduction: Sepsis-induced cardiorenal syndrome (sepsis-
induced CRS) is a devastating medical condition that is fre-
quently associated with a high fatality rate. In this study, we
aimed to develop an individualized nomogram that may
help clinicians assess 30-day mortality risk in patients diag-
nosed with sepsis-induced CRS. Methods: A total of 340 pa-
tients with sepsis-induced CRS admitted from January 2015
to May 2019 in Shanghai Tongji Hospital were used as a train-
ing cohort to develop a nomogram prognostic model. The
model was constructed using multivariable logistic analyses
and was then externally validated by an independent cohort
of 103 patients diagnosed with sepsis-induced CRS from
June 2019 to December 2020. The prognostic ability of the
nomogram was assessed through discrimination, calibra-
tion, and accuracy. Results: Five prognostic factors were de-
termined and included in the nomogram: age, Sequential
(sepsis-related) Organ Failure Assessment (SOFA) score, va-
sopressors, baseline serum creatinine, and the rate of change
in myoglobin. Our prognostic nomogram showed well-fit-

ted calibration curves and yielded strong discrimination
power with the area under the curve of 0.879 and 0.912 in
model development and validation, respectively. In addi-
tion, the nomogram prognostic model exhibited an evident-
ly higher predictive accuracy than the SOFA score. Conclu-
sions: We developed a prognostic nomogram model for pa-
tients with sepsis-induced CRS and externally validated the
model in another independent cohort. The nomogram ex-
hibited greater strength in predicting 30-day mortality risk
than the SOFA score, which may help clinicians estimate
short-term prognosis and modulate therapeutic strategies.

© 2022 The Author(s).
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Introduction

Cardiorenal syndrome (CRS) has been described as a
broad range of serious multi-organ diseases involving the
heart and kidneys [1]. Owing to the complex intercon-
nection between these two organs, an acute or chronic
dysfunction of the heart or kidney could result in the
acute or chronic injury of the other organ [2]. CRS is gen-
erally classified into five types [3]; CRS type 1-4 concerns
acute or chronic CRS or reno-cardiac syndromes, and
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CRS type 5 is characterized by concurrent heart and kid-
ney injury secondary to a spectrum of systemic diseases,
in which sepsis occurs [4].

Sepsis is a systemic inflammatory disorder resulting
from the deranged reaction of the body to infection. De-
spite the improvements that have been made in treatment
and prognosis, sepsis remains a critical clinical condition
with high risk of morbidity and fatality [5], demanding
continued research. In 2006, the Third International
Consensus Definitions Task Force (Sepsis 3.0) highly rec-
ommended the application of the Sequential (Sepsis-re-
lated) Organ Failure Assessment (SOFA) score to evalu-
ate organ dysfunction in septic patients, and it also re-
ported that in-hospital mortality rate would at least reach
10% if the patient had an elevation in SOFA score >2
points [6]. In addition, other studies have shown that the
incidence rate of multi-organ injury in septic patients can
reach 40-60% [4], and the 90-day [7], 1-year [7], 3.5-year
[8], and 5-year mortality [8] rates for those who devel-
oped severe sepsis and survived hospitalization were 28%,
44%, 53%, and 61%, respectively. Acute kidney injury
(AKI) and acute cardiovascular dysfunction are often ob-
served in patients with sepsis and septic shock. The clini-
cal picture of concomitant acute cardiac and renal injury
(or dysfunction) secondary to sepsis is currently referred
to as “CRS type 5 in sepsis” [9, 10] or “sepsis-induced
CRS” [11, 12].

Previous studies revealed that patients with sepsis-in-
duced CRS tend to have a worse clinical manifestation
and prognosis than those without AKI or cardiac insult
[9]. To date, some studies have focused on predicting
prognosis in sepsis-induced AKI [13-15], sepsis-associ-
ated encephalopathy [16], and sepsis-induced coagulopa-
thy [17], and some have reported greater prognostic abil-
ity for septic AKI or critically ill surgical patients when
using a combination of SOFA score and other biomarkers
[14, 18]. However, research concerning the prognosis in
patients with sepsis-induced CRS is sporadic. Individual-
ized evaluation of clinical outcomes for patients in the
early phase of sepsis-induced CRS is vital because it can
promote well-timed medical intervention and active
nursing strategies and may improve clinical outcomes.
Therefore, the specific aim of our study was (1) to explore
the independent risk factors affecting the short-term
prognosis in patients diagnosed with sepsis-induced CRS
and (2) to develop and validate a prognostic model to es-
timate 30-day mortality risk in such patients. To our
knowledge, there is by far no research reporting the use
of the nomogram for risk prediction of 30-day mortality
in sepsis-induced CRS.

Nomogram to Predict Mortality in Sepsis-
Induced Cardiorenal Syndrome

Materials and Methods

Data Source and Study Design

This was an observational study that retrieved the clinical data
of patients diagnosed with sepsis during hospitalization in Shang-
hai Tongji Hospital from 1 January 2015 through to 31 December
2020. The inclusion criteria were as follows: (1) age >18 years; (2)
meeting the consensus of sepsis definition issued in 2016 [6]; (3)
meeting the diagnostic criteria of AKI issued by the 2012 Kidney
Disease Improving Global Outcomes (KDIGO) guidelines [19];
(4) acute cardiovascular injury occurring during hospitalization.
We excluded patients with (1) hospital stay <48 h; (2) acute car-
diac or renal injury with nonseptic causes such as autoimmune
disease and surgery; (3) active malignant tumors; (4) mental dis-
orders; (5) pregnancy; and (6) missing values in clinical data. The
eligible patients hospitalized between 1 January 2015 and 31 May
2019 were assigned to the training cohort, and patients admitted
between 1 June 2019 and 31 December 2020 were assigned to the
validation cohort. All patients enrolled were complete cases with
no missing data. The report of this study complied with the Trans-
parent Reporting of a Multivariable Prediction Model for Indi-
vidual Prognosis or Diagnosis (TRIPOD) guidelines [20] (shown
in online suppl. material; for all online suppl. material, see www.
karger.com/doi/10.1159/000524483).

Data Collection

In order to select prognostic factors for model development,
we collected the following clinical data in training cohort: (1) ba-
sic characteristics, including age, sex, department, infection site,
blood culture, preexisting disease, medication history; the “infec-
tion site” recorded the site of infection identified by clinicians;
the “medication history” recorded the prescription 3 months pri-
or to hospitalization from both outpatient and inpatient medical
records; (2) quick SOFA (qSOFA) score and SOFA score that
were calculated and recorded by clinicians on the first day of the
diagnosis of sepsis-induced CRS; (3) in-hospital treatment, in-
cluding mechanical ventilation and vasopressor use, such as do-
pamine, norepinephrine, and epinephrine; (4) laboratory vari-
ables which were tested on the first and the third day of diagnosis
by Clinical Laboratory of Shanghai Tongji Hospital, including
cardiac troponin I (cTnI), myoglobin (MYO), serum creatinine
(SCr), C-reactive protein (CRP), and procalcitonin (PCT); (5)
baseline SCr: this variable was measured in accordance with the
varying conditions of the patients in the following order — (A)
SCr value from the most recent examination before hospitaliza-
tion (within 12 months); (B) the nadir creatinine value measured
during the first 3 days of hospitalization; and (C) the baseline SCr
inversely deduced using the back-estimation formula according
to the population’s average glomerular filtration rate of 75 mL/
(min-1.73 m?) [21]. Data collection for the validation cohort was
started after developing the nomogram. Therefore, based on the
results of the training cohort, we recorded the clinical data in the
validation cohort, including basic characteristics (age, sex, de-
partment, infection site, and preexisting disease), qSOFA score,
SOFA score, in-hospital treatment, and laboratory variables
(baseline SCr and MYO). All patients were followed up for at
least a month after hospital discharge, and as the outcome of our
study, deaths were confirmed according to medical records or
telephone follow-ups. Additionally, the testing and recording of
the predictor variables occurred before recording the outcome,

Kidney Dis 2022;8:334-346
DOI: 10.1159/000524483

335



Sepsis patients admitted from January 2015 to December 2020

n = 1,541

v

v

v

n=1115

[ Patients admitted from January 2015 to May 2019 ] [

n =426

Patients admitted from June 2019 to December 2020 ]

v

v

v

v

v

v

6. Missing data

v

-
Sepsis patients Sepsis-induced CRS Sepsis patients Sepsis-induced CRS
without CRS patients without CRS patients
L n =632 n =483 n =267 n =159
143 patients excluded: [« | 56 patients excluded |<—
1. Age <15 years v v
2. Hospital stay <48 h
3. Mental disorder Training group Validation group
4. Pregnancy n =340 n =103
5. Malignant tumors

v

v

v

v

v

[

Survivors
n =169

Non-survivors
n=171

) (

Survivors
n =67

) (

Non-survivors
n=36

)

Fig. 1. Flowchart illustrating the research process.

and the data of predictors and outcomes were collected by differ-
ent researchers. Therefore, the assessment of predictors was
blind to the outcome.

Sepsis-Induced CRS

According to the sepsis-3 definition published in 2016, sepsis
is diagnosed based on evidence of acute infection and newly devel-
oped organ dysfunction. Organ dysfunction was demonstrated by
an increase of at least two points in the SOFA score. Sepsis can also
be rapidly recognized using the gSOFA score [6]. In this study, we
confirmed sepsis by both admission diagnoses made by clinicians
and SOFA (or qSOFA) scores calculated by researchers.

Acute CRS was confirmed by the biomarker-based definition.
We combined the use of elevated serum cTnl, B-type natriuretic
peptide (BNP), N-terminal pro-BNP (NT-proBNP), and the KDI-
GO definition of AKI. AKI is defined by (1) elevated SCr 0.3 mg/
dL (=26.5 pmol/L) within 48 h, or (2) elevated SCr >1.5 times of
baseline SCr within 7 days, or (3) urine volume <0.5 mL/(kg/h) for
6 h. Acute cardiac injury in CRS [22] is indicated by at least one of
the following changes within 48 h: (1) increase in BNP =100 pg/
mL; (2) increase in NT-proBNP 2300 pg/mL; and (3) increase in
cTnI 20.03 ng/mL.

Statistical Analysis

The baseline characteristics are presented as percentages for
categorical data and as medians with interquartile ranges for con-
tinuous data. Restricted cubic spine was used to evaluate the linear
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relationship between the potential variables and the outcome, and
continuous variables that showed a nonlinear relationship with the
30-day mortality risk in the restricted cubic spine, such as SCr and
cTnl, were converted to categorical variables. The tolerance indi-
ces and variance inflation factor (VIF) were used to test the multi-
collinearity between the predictors. If tolerance <0.1 or VIF > 10,
it indicates a serious multicollinearity problem between the vari-
ables [23], and normally one of the two variables that have close
linear intercorrelation would be removed. The rate of change in
MYO was calculated using data collected from the first and third
days of diagnosis. The rate of change in ¢Tnl and baseline SCr was
not included in the logistic regression analysis as the denominator
of cTnl could be 0, and there exists a large collinearity (VIF > 10)
between the rate of change in SCr and the SCr level on the first and
third days. In the training cohort, the potential prognostic vari-
ables of p < 0.10 in univariate logistic analysis were included in the
multivariable analysis. Multivariable logistic regression analysis
was used to identify the independent risk factors for the 30-day
mortality rate and to develop a nomogram predictive model. Boot-
strap resampling methods were carried out for both internal and
external validation of the model. In model validation, the predic-
tive ability of the nomogram model was assessed by discrimina-
tion, calibration, and accuracy. Model discrimination ability was
evaluated using the area under the receiver operating characteristic
curve (AUC), while the calibration ability was assessed by the Hos-
mer-Lemeshow test and the calibration curve. The model accuracy
was determined by the Brier score (the closer the Brier score is
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Table 1. Patients’ demographic features and clinical characteristics in training cohort

Variables Survivors (n = 226) Non-survivors (n = 114) Z/x? p value
Age 81.00 (68.00-87.00) 83.00 (72.75-88.00) —2.358 0.018
Male, n (%) 118 (52.2) 67 (58.8) 1.314 0.252
Department, n (%)
ICU (32 7) 36 (31.6)
Emergency department 5(42.0) 30(26.3)
Medical ward 1018.1) 38 (33.3) 12935 0.005
Surgical ward ( 1) 10(8.8)
Infection site, n (%)
Respiratory system 111 (49.1) 82(71.9)
Digestive system 50 (22.1) 15(13.2)
Urinary system 47 (20.8) 9(7.9) 17882 <0.001
Other 18 (8.0) 0(7.0)
Blood culture, n (%)
Negative 117 (51.8) 61 (53.5)
Gram, positive 14 (6.2) 9(7.9)
Gram, negative 31(13.7) 23(20.2) 6432 0.169
Fungus 17 (7.5) 3(2.6)
Polymicrobial infection, n (%) 47 (20.8) 18(15.8)
SBP, mm Hg 120.00 (101.75-140.00) 120.00 (101.75-140.00) -0.237 0.812
DBP, mm Hg 70.00 (60.00-80.00) 69.5 (58.50-80.00) —-0.770 0.441
HR 85.00 (80.00-100.00) 86.00 (80.00-105.00) -0.438 0.661
T,°C 37.00 (36.50-37.93) 37.00 (36.50-37.30) -1.874 0.061
Preexisting disease, n (%)
Diabetes 73 (32.3) 38(33.3) 0.037 0.848
Hypertension 149 (65.9) 67 (58.8) 1.675 0.196
CAD 75(33.2) 39(34.2) 0.036 0.850
Stroke 77 (34.1) 39(34.2) 0.001 0.980
CKD 38(16.8) 16 (14.0) 0.438 0.508
History of tumor, n (%) 21(9.3) 8(7.0) 0.502 0.478
History of smoking, n (%) 41(18.1) 29 (25.4) 2.468 0.116
Medication history, n (%)
Diuretics 83 (36.7) 56 (49.1) 4.819 0.028
CCB 75(33.2) 33(28.9) 0.628 0.428
ACEI ( 3) 7 (6.1) 0.996 0.318
ARB 3(27.9) 29 (25.4) 0.228 0.633
[-Blocker (23 5) 22(19.3) 0.760 0.383
Statin 8(25.7) 24 (21.1) 0.880 0.348
Nitrate ester 45 (19.9) 6(22.8) 0.385 0.353
Digoxin 8(8.0) 16 (14.0) 3.103 0.078
Antiplatelet drug 77 (34.1) 34 (29.8) 0.621 0.431
Warfarin 47 (20.8) 17 (14.9) 1.717 0.190
In-hospital treatment, n (%)
Mechanical ventilation 42(18 50 (43.9) 24.528 <0.001
In-hospital treatment 94 (41.6) 95 (83.3) 53.477 <0.001
qSOFA, n (%)
<2 162 (71.7) 80(70.2)
>2 64 (28.3) 34(29.8) 0.084 0.772
Total SOFA 5.00 (3.00-8.00) 11.00 (8.00-13.00) —9.586 <0.001
Respiratory system 0.00 (0.00-3.00) 3.00 (1.75-3.00) -7.197 <0.001
Nervous system 0.00 (0.00-1.00) 2.00 (1.00-3.00) -9.718 <0.001
Cardiovascular system 0.00 (0.00-1.00) 3.00 (1.00-3.00) -8.134 <0.001
Liver 0.00 (0.00-1.00) 0.00 (0.00-1.00) -1.871 0.061
Coagulation 1.00 (0.00-2.00) 1.00 (0.00-2.00) -0.314 0.753
Kidneys 2.00 (1.00-2.00) 2.00 (2.00-3.00) -3.474 <0.001
Nomogram to Predict Mortality in Sepsis- Kidney Dis 2022;8:334-346 337
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Table 1 (continued)

Variables Survivors (n = 226) Non-survivors (n = 114) Z/x? p value
Laboratory variables
Baseline SCr, umol/L 91.5 (74.00-129.00) 106.00 (73.00-167.50) -2.132 0.033
SCron day 1, umol/L 184.50 (139.75-251.00) 192.50 (148.75-320.25) -1.308 0.191
SCr on day 3, pmol/L, n (%)
<133 95 (42.0) 39(34.2)
133-177 47 (20.8) 16 (14.0)
178-442 67 (29.6) 43(37.7) 37867 <0001
>443 17 (7.5) 16 (14.0)
MYO on day 1, ng/mL 206.10 (90.68-536.48) 326.80 (135.73-1,207.05) —-3.337 0.001
MYO on day 3, ng/mL 102.10 (50.85-222.08) 268.65 (128.75-915.35) -7.182 <0.001
The rate of change in MYO, % —54.00 (—74.00 to 0.75) —7.00 (—47.25 to 36.25) —-5.008 <0.001
cTnlon day 1, ng/mL, n (%)
<0.03 24 (10.6) 13(11.4)
0.03-0.5 144 (63.7) 81(71.1) 2.837 0.242
>0.5 58 (25.7) 20(17.5)
cTnl on day 3, ng/mL, n (%)
<0.03 38(16.8) 20(17.5)
0.03-0.5 149 (65.9) 71(62.3) 0.534 0.766
>0.5 39(17.3) 23(20.2)
CRPonday 1, mg/L 132.23 (47.93-174.77) 128.38 (37.37-167.53) —-0.400 0.689
CRP on day 3, mg/L 79.89 (36.49-149.51) 107.54 (47.36-160.00) -1.745 0.081
PCT on day 1, mg/L 8.04 (1.61,30.32) 4.04(1.13, 28.65) -1.463 0.143
PCT on day 3, mg/L 4.59(1.22-16.99) 4.88 (1.36-14.44) -0.379 0.705

ICU, intensive care unit; SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; T, temperature;
CAD, coronary artery disease; CKD, chronic kidney disease; CCB, calcium channel blocker; ACEI, angiotensin-
converting enzyme inhibitor; ARB, angiotensin receptor blocker; SCr, serum creatinine; SOFA, Sequential (Sepsis-
related) Organ Failure Assessment; qSOFA, quick SOFA; MYO, myoglobin; cTnl, cardiac troponin |; CRP, C-reactive

protein; PCT, procalcitonin.

to 0, the better the accuracy of the model). IBM SPSS Statistics 22.0
and R software (R 4.0.2) were used for statistical analysis. Two-
tailed p < 0.05 was considered of statistical significance.

MYO,, , — MYO

MYO

Day |

The rate of change (MYO), % =100% x

Day1

Results

Clinical Characteristics

As shown in Figure 1, a total of 1,541 patients diag-
nosed with sepsis at Shanghai Tongji Hospital between 1
January 2015 and 31 December 2020 were screened, and
642 of them had concomitant acute cardiac and kidney
injury secondary to sepsis during hospitalization. Ac-
cording to the exclusion criteria, 199 patients were ex-
cluded from the study. Finally, 443 patients diagnosed
with sepsis-induced CRS were enrolled in the study and
were divided into the training cohort (n = 340) and vali-
dation cohort (n = 103). In the training cohort, the me-
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dian age was 77.02 + 14.02 years. Sepsis-induced CRS
was most frequently observed and diagnosed in the
emergency department (36.8%), followed by in the in-
tensive care unit (ICU) (32.4%), medical ward (23.2%),
and surgical ward (7.6%). More than half (56.8%) of the
patients had respiratory system infection, 19% had diges-
tive system infection, and 16% had urinary system infec-
tion. After 30 days of follow-up, 114 deaths were con-
firmed. The clinical profiles and characteristics of the
training cohort are presented in Table 1. Of the 103 pa-
tients in the validation cohort, 35.0% (36 patients) died
within 30 days. The baseline SCr in the validation cohort
was lower than that in the training cohort. Most of the
baseline characteristics showed no statistical differences
and were comparable in both the training and validation
cohorts (Table 2).

Development of the Nomogram
The prognostic factors were assessed by univariate
and multivariable logistic regression (shown in Table 3),
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Table 2. Comparison of baseline characteristics between the training cohort and the validation cohort

Variables Training cohort (n = 340) Validation cohort (n = 103) Z/%? p value
Age 82.00 (69.00-87.00) 81.00 (68.00-87.00) -0.019 0.985
Male, n (%) 185 (54.4) 57 (55.3) 0.027 0.868
Department, n (%)
ICU 110 (32.4) 23(22.3)
Emergency department 125 (36.8) 41 (39.8)
Medical ward 79(23.2) 29(28.2) 4.039 0.257
Surgical ward 26 (7.6) 10(9.7)
Infection site, n (%)
Respiratory system 193 (56.8) 51 (49.5)
Digestive system 65 (19.1) 21(20.4)
Urinary system 56 (16.5) 19(18.4) 4774 0.331
Skin and soft tissue 17 (5.0) 5(4.9)
Other 9(2.6) 7 (6.8)
Preexisting disease, n (%)
Diabetes 111 (32.6) 31(30.1) 0.236 0.627
Hypertension 216 (63.5) 55(53.4) 3416 0.065
CAD 114 (33.5) 27 (26.2) 1.950 0.163
Stroke 116 (34.1) 27 (26.2) 2.259 0.133
CKD 54 (15.9) 14 (13.6) 0.319 0.572
History of tumor 29 (8.5) 8(7.8) 0.060 0.806
In-hospital treatment, n (%)
Mechanical ventilation 92 (27.1) 28 (27.2) 0.001 0.980
Vasopressor 189 (55.6) 55 (53.4) 0.153 0.695
qSOFA, n (%)
<2 242 (71.2) 78 (75.7)
>2 98 (28.8) 25(24.3) 0817 0.366
Total SOFA 7.00 (4.00-11.00) 8.00 (5.00-12.00) -1.230 0.219
Respiratory system 1.50 (0.00-3.00) 1.00 (1.00-4.00) —2.744 0.006
Nervous system 1.00 (0.00-2.00) 1.00 (0.00-2.00) —-0.289 0.773
Cardiovascular system 0.00 (0.00-3.00) 1.00 (0.00-4.00) —-3.540 0.001
Liver 0.00 (0.00-1.00) 0.00 (0.00-1.00) -0.339 0.735
Coagulation 1.00 (0.00-2.00) 2.00 (1.00-2.00) —-2.328 0.020
Kidneys 2.00 (1.00-3.00) 1.00 (1.00-2.00) -4.110 0.001
Laboratory variables
Baseline SCr, umol/L 95.50 (73.25-144.75) 74.00 (53.00-98.00) -4.872 0.000
MYO on day 1, ng/mL 228.75(104.10-710.35) 190.90 (84.60-458.50) -1.882 0.060
MYO on day 3, ng/mL 133.05 (64.8-360.40) 120.20 (59.60-416.70) —-0.379 0.705
The rate of change in MYO, % —43.5 (-70.00 to 6.50) —36.37 (-64.47 to 21.08) -1.367 0.172

ICU, intensive care unit; CAD, coronary artery disease; CKD, chronic kidney disease; SCr, serum creatinine; SOFA, Sequential (Sepsis-re-
lated) Organ Failure Assessment; qSOFA, quick SOFA; MYO, myoglobin.

which determined five independent predictors for short-
term mortality in sepsis-induced CRS patients: age (OR
= 1.06, 95% CI: 1.03~1.09), SOFA (OR = 1.37, 95% CI:
1.26~1.50), vasopressors (OR =2.46,95% CI: 1.23~5.04),
baseline SCr (OR =1.00, 95% CI: 1.00-1.01), and the rate
of change in MYO (OR = 1.55, 95% CI: 1.23-2.04). A
prognostic model incorporating these five independent
risk factors was developed and visualized as a nomogram
(shown in Fig. 2). The B-coefficients of the prognostic
models developed in the training cohort are shown in

Nomogram to Predict Mortality in Sepsis-
Induced Cardiorenal Syndrome

Table 4. The application methods for the nomogram are
described as follows. First, we drew an ascending line
from the variable axis to the “Points” axis to obtain the
points for each risk factor. Then, the scores of all vari-
ables were combined to obtain the total number of points.
Finally, we drew a downward perpendicular line from
the “Total Points” axis to the “Risk” axis. The corre-
sponding number was then presented as the estimated
30-day mortality risk.
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Table 3. Univariate and multivariable analyses for prognostic factors

Variables Category Univariate analysis Multivariable analysis
OR [95% Cl] p value OR [95% Cl] p value
Age Per year 1.03 [1.01-1.05] 0.006 1.06 [1.03-1.09] <0.001
Sex Female 1 0.252
Male 1.31 [0.83-2.06]
SBP Per mm Hg 1.00 [0.99-1.01] 0.600
DBP Per mm Hg 0.99[0.98-1.01] 0.453
HR Per minute 1.00[0.99-1.02] 0.543
T,°C Per degrees Celsius 0.94[0.85-1.05] 0.282
Blood culture Negative 1 0.192
Gram positive 1.23[0.51-3.01] 0.646
Gram negative 1.42[0.76-2.65] 0.266
Fungus 0.34[0.10-1.20] 0.093
Multi-bacterial 0.74[0.40-1.37] 0.334
Basic disease
Diabetes No 1
Yes 1.05 [0.65-1.69] 0.848
Hypertension No 1
Yes 0.74[0.46-1.17] 0.737
CAD No 1
Yes 1.05 [0.65-1.69] 0.850
Stroke No 1
Yes 1.01 [0.63-1.62] 0.980
CKD No 1
Yes 0.81[0.42-1.52] 0.509
History of tumor No 1
Yes 0.74[0.32-1.72] 0.480
History of smoking No 1
Yes 1.54 [0.90-2.64] 0.118
Medication history
Diuretics No 1 1
Yes 1.66 [1.05-2.63] 0.029 1.40[0.75-2.64] 0.295
CCB No 1
Yes 0.82[0.50-1.34] 0.428
ACEI No 1
Yes 0.64 [0.26-1.55] 0.322
ARB No 1
Yes 0.88 [0.53-1.47] 0.633
[3-Blocker No 1
Yes 0.78 [0.45-1.36] 0.384
Statin No 1
Yes 0.77 [0.45-1.33] 0.349
Nitrate ester No 1
Yes 1.19[0.69-2.05] 0.535
Antiplatelet drug No 1
Yes 0.82[0.51-1.34] 0.431
Warfarin No 1
Yes 0.67 [0.36-1.23] 0.192
In-hospital treatment
Mechanical ventilation No 1 1
Yes 3.42[2.08, 5.64] <0.001 1.76 [0.87-3.58] 0.114
Vasopressor No 1 1
Yes 0.14[0.08-0.25] <0.001 247 [1.21-5.14] 0.014
qSOFA <2 1
>2 1.08 [0.66-1.77] 0.772
Total SOFA 1.39[1.29-1.49] <0.001 1.33[1.22-1.47] <0.001
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Table 3 (continued)

Variables Category Univariate analysis Multivariable analysis
OR [95% Cl] p value OR [95% Cl] p value
Laboratory variables
Baseline SCr, pmol/L 1.00[1.00-1.01] 0.002 1.00 [1.00-1.01] 0.028
SCron day 1, umol/L 1.00 [1.00-1.00] 0.074 1.00 [0.99-1.00] 0.763
SCr on day 3, umol/L <133 1 0.052 1
133-177 0.83 [0.42-1.64] 0.589 0.61[0.29-1.52] 0.297
178-442 1.56 [0.92-2.67] 0.101 1.68 [0.83-3.46] 0.152
>443 2.29[1.05-4.99] 0.037 2.08 [0.72-6.18] 0.182
MYO on day 1, ng/mL Per ng/mL 1.00 [1.00-1.00] 0.001 1.00 [1.00-1.00] 0.112
The rate of change in MYO, % Per percentage 1.50[1.23-1.84] <0.001 1.61[1.26-2.14] <0.001
cTnlon day 1, ng/mL <0.03 1 0.246
0.03-0.5 1.04 [0.50-2.15] 0.919
>0.5 0.64 [0.27-1.48] 0.295
cTnl on day 3, ng/mL <0.03 1 0.766
0.03-0.5 0.91[0.49-1.67] 0.750
>0.5 1.12[0.53-2.34] 0.765
CRPonday 1, mg/L 1.00 [0.99-1.00] 0.774
CRP on day 3, mg/L 1.00 [0.99-1.01] 0.059
PCT onday 1, mg/L 0.99 [0.99-1.00] 0.345
PCT on day 3, mg/L 0.99[0.99-1.01] 0.884

SBP, systolic blood pressure; DBP, diastolic blood pressure; HR, heart rate; T, temperature; CAD, coronary artery disease; CKD, chronic
kidney disease; CCB, calcium channel blocker; ACEIl, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; SCr,
serum creatinine; SOFA, Sequential (Sepsis-related) Organ Failure Assessment; qSOFA, quick SOFA; MYO, myoglobin; cTnl, cardiac troponin
I; CRP, C-reactive protein; PCT, procalcitonin.
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Fig. 2. Nomogram for predicting 30-day mortality risk in patients with sepsis-induced CRS.
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Table 4. Regression coefficient estimates of

the 30-day prognostic model Variables B SE pvalue OR 95% Cl

Age, year 0.055 0.014 <0.001 1.057 1.030-1.087
SOFA 0.314 0.046 <0.001 1369 1.256-1.506
The rate of change in MYO, % 0.439 0.128  <0.001 1.552 1.229-2.039
Vasopressor

No Reference

Yes 0.902 0.359 0.012 2465 1.227-5.042
Baseline SCr, pmol/L 0.004 0.002 0.012 1.004 1.001-1.008
Constant -8.843 0.002 0.016 0.000 -

SOFA, Sequential (Sepsis-related) Organ Failure Assessment; SCr, serum creatinine;

MYO, myoglobin.

Validation of the Nomogram

In internal validation, the prognostic nomogram
yielded an AUC of 0.879 (95% CI: 0.840-0.917) (shown
in Fig. 3a), and after 500 times of bootstrap resampling
methods, the model showed low optimism with a bias-
corrected AUC of 0.872, which demonstrated good dis-
crimination of the prognostic model. The p value of the
Hosmer-Lemeshow test was 0.146, and the calibration
curve shown in Figure 3¢ showed high consistency be-
tween the predicted and actual probabilities, which re-
flected good calibration ability. In addition, the prog-
nostic model showed good accuracy and robustness
with the Brier score and internally validated Brier score
of 0.131 and 0.136, respectively. In the external valida-
tion, we applied the prognostic model to the validation
cohort, and the model achieved an AUC of 0.912 (95%
CI: 0.860-0.965) (shown in Fig. 3b), suggesting that the
prognostic model had strong discrimination power.
When SOFA or the rate of change in MYO was solely
used to predict 30-day outcomes, they achieved an AUC
of 0.855 (95% CI: 0.784-0.987) and 0.774 (95% CI:
0.678-0.871), respectively. The DeLong test was used for
comparison of AUC between the SOFA score and the
nomogram, which showed that the prognostic nomo-
gram had an evidently higher discrimination ability
than the SOFA score (Z = —-2.033, p = 0.042). The cali-
bration curves (shown in Fig. 3d) and the Hosmer-Lem-
eshow test (p = 0.843) showed that the model had excel-
lent concordance performance. A brier score of 0.117
reflects the accuracy of the model. In addition, decision
curve analysis revealed that the nomogram yielded high-
er net benefits in predicting 30-day mortality risk than
did the SOFA score (shown in Fig. 4).
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Discussion

In the training cohort of 340 patients diagnosed with
sepsis-induced CRS, five prognostic factors were identi-
fied by multivariable logistic regression and a simple-to-
use nomogram was developed for predicting 30-day mor-
tality risk. Furthermore, the nomogram predictive model
went through external validation in an independent co-
hort of 103 patients using metrics such as AUC, calibra-
tion curves, and Brier score. Our nomogram encompass-
es five clinical variables: age, vasopressor use, the rate of
change in MYO, baseline SCr, and the SOFA score. It is
widely known that the SOFA was highly recommended
by Sepsis 3.0, as the standard for clinical diagnosis of sep-
tic patients. However, there is limited evidence on the
prognostic value of the SOFA in sepsis-induced CRS, and
the SOFA alone may be insufficient to predict outcomes
in such patients. Therefore, we included not only the
SOFA, but also other potential factors for the evaluation
of independent prognostic predictors, and the results
showed that the combined use of the above factors yield-
ed significantly higher discrimination power and greater
net benefits when predicting 30-day outcomes, compared
to the SOFA score alone.

The discovery of the five prognostic factors for sepsis-
induced CRS may be one of the most appealing parts of
our study. Notably, in our study, the serum MYO level
was identified as an important prognostic factor. MYO is
a heme protein expressed in cardiomyocytes and skeletal
muscle cells [24]. Recent studies have revealed a strong
correlation between an increase in serum MYO and a
higher mortality rate in patients with sepsis and septic
shock [25, 26]. In the setting of sepsis, MYO is first re-
leased from the damaged cardiac and muscle cells, accu-
mulates in the blood stream, and is then deposited in the
kidney tissue, exacerbating kidney injury, and causing
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oxidative damage and lipid peroxidation [25]. Therefore,
the continuous rise in serum MYO could not only reflect
the severity of sepsis but may also be involved in organ
crosstalk between the heart and kidney, which is worthy
of further investigation. In the present study, external val-

Nomogram to Predict Mortality in Sepsis-
Induced Cardiorenal Syndrome

idation verified that an increase in MYO within 3 days of
diagnosis strongly portends a worse short-term outcome.
Based on what we know so far, our study is the first to re-
porta correlation between the serum MYO and the prog-
nosis of sepsis-induced CRS.
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Baseline SCr was another useful prognostic predictor
in our study. Previous studies reported that chronic kid-
ney disease (CKD) is a significant amplifier in the devel-
opment of AKI and sepsis-related multi-organ dysfunc-
tion [27], and AKI on CKD usually portends poor prog-
nosis in septic patients [28]. While high-baseline SCr is
closely related to poor prognosis, critical patients with
low-baseline SCr are also inclined to have a high mortal-
ity rate because of their malnutrition state and weakened
ability to fight illness [29]. Currently, there is no consen-
sus regarding the influence of baseline creatinine levels
on the prognosis of critically ill patients. The present
study revealed that an increase in baseline SCr was ac-
companied by an elevated risk of short-term mortality in
patients with sepsis-induced CRS, and in both the train-
ing and validation processes, baseline SCr demonstrated
good prognostic value.

Interestingly, vasopressors are recommended in the
treatment of septic shock for their rapid and conspicuous
effect on blood pressure; however, different dosages and
timing of vasopressor use may lead to diverse clinical out-
comes. Although early use of vasopressors was advised
along with early goal-directed therapy for septic shock by
River et al. [30], subsequent studies have denied their ef-
fect on improving clinical outcomes [31, 32]. Our study
showed that 30-day mortality was generally higher in pa-
tients who received vasopressors. The appropriate dosage
and optimal timing of vasopressor use are questions that
require further research, especially for elderly and critical
patients.
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Like the vasopressors, mechanical ventilation can also
be a double-edged sword and present a great challenge in
clinical practice. It has important functions in providing
adequate oxygenation [33], but it can also cause ventila-
tory-induced lung injury [34]. In this retrospective study,
it is difficult to obtain all the detailed information in me-
chanical ventilation. We think that the reasons why the
mechanical ventilation in our study did not exhibit the
same level of statistical significance as MYO may be as
follows: (1) the mechanical ventilation was not classified
in detail and was treated as a dichotomous variable, while
MYO was treated as a continuous variable; (2) our study
mainly focused on the sepsis-induced AKI and cardiac
injury. Therefore, factors concerning the sepsis-induced
lung injury were less attended to, and this may cause cer-
tain bias in the data collection and statistical analysis.

Inflammatory indicators such as the CRP and PCT
were widely used to evaluate body’s infection in clinical
practice and were also recommended in the diagnosis of
sepsis. However, the prognostic value of the CRP and
PCT remained controversial. Some studies reported a mi-
nor correlation between the CRP and the development of
sepsis [35]. As for PCT, some researches denied its ability
in predicting clinical outcome in septic patients [36, 37].
In our study, both the CRP and PCT did not show strong
prognostic value, which may be due to the reason that
they were less sensitive in evaluating organ dysfunction
than the SOFA score and serum MYO level.

There are some limitations to the present study. First,
although the nomogram-illustrated model underwent
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external validation, data were retrospectively collected
from the same institution. Hence, the nomogram devel-
oped in the present study requires further multicenter ex-
ternal validation before clinical application. Second, we
recognized that apart from traditional serum biomarkers
such as ¢Tnl, BNP, and NT-proBNP, echocardiography
[38] is another suitable diagnostic method for sepsis-as-
sociated cardiomyopathy. However, in this retrospective
study, we found that the detection rate of echocardiogra-
phy is apparently low, and it may be associated with the
inconvenience of critically ill patients leaving the ward
and the lack of utilization in bedside echocardiography
outside the ICU and cardiology ward. Therefore, we rec-
ommend the inclusion of echocardiography in future
prospective clinical studies of sepsis-induced CRS, and
we would promote the use of bedside ultrasound ma-
chines in clinical practice.

In conclusion, the present study constructed and ex-
ternally validated an easy-to-use nomogram for predict-
ing 30-day mortality in patients with sepsis-induced CRS.
Our nomogram encompasses five clinical variables: age,
SOFA, vasopressor use, the rate of change in MYO, and
baseline SCr. The nomogram-illustrated model showed
higher strengths and advantages in predicting 30-day
prognosis than the SOFA score. Early prediction of prog-
nosis in patients with sepsis-induced CRS may help clini-
cians evaluate disease severity and adjust clinical treat-
ment.
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