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Purpose: To address the critical mortality rates among sepsis-associated acute kidney injury (SA-AKI) patients, early prognosis is
vital. This study investigates the relationship between coagulation indices and the 28-day mortality rate in patients with SA-AKI.
Patients and Methods: This study was a retrospective cohort analysis including patients with SA-AKI admitted to the First Hospital
of Fujian Medical University as a training cohort (n = 119) and patients admitted to the Third People’s Hospital of Fujian University of
Traditional Chinese Medicine as a validation cohort (n = 51). We examined the relationship between coagulation indices and 28-day
mortality in SA-AKI, the cumulative mortality at different activated partial thromboplastin time (APTT) levels, and the nonlinear
relationship between APTT and 28-day mortality. Receiver operating characteristic curves were plotted, and the area under the curve
was calculated to assess the predictive power of APTT. Finally, subgroup analyses were performed to assess the robustness of the
association.

Results: Overall, 119 participants with a meantstandard deviation age of 70.47+15.20 years were included in the training cohort: 54
died, 65 survived. According to univariate and multivariate COX regression analyses, APACHE II score, CRP level, Lac level, and
APTT level were independent risk factors for 28-day adverse prognosis. After controlling for some variables, an elevated baseline
APTT (= 37.7 s) was associated with an elevated risk of 28-day mortality (HR, 1.017; 95% CI, 1.001-1.032), and Kaplan—Meier
analyses further confirmed the increased mortality in the group with a higher APTT. The same results were shown when the validation
cohort was analyzed (HR, 1.024; 95% CI, 0.958—1.096). Subgroup analyses showed the stability of the association between APTT and
poor prognosis in SA-AKI.

Conclusion: In essence, APTT elevation is synonymous with increased 28-day mortality rates, indicating a poor prognosis in SA-AKI
scenarios.
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Introduction

Sepsis, a life-threatening condition arising from a dysregulated host response to infection, is predominant in inducing
mortality in patients with severe trauma, burns, shock, or those undergoing major surgery.! Representing a prevalent
cause of morbidity and mortality, it significantly impacts patients in emergency departments and intensive care units
(ICU).%> A frequent complication of sepsis is acute kidney injury (AKI),>* with the kidney being notably susceptible,
displaying a prevalence of approximately 11-31% in septic conditions.” This susceptibility is closely linked with the
patients’ short-term prognosis.® Sepsis-associated AKI (SA-AKI), a variant of AKI, compounds morbidity and mortality
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rates, especially in critically ill patients,” and its advancement escalates the risk of developing chronic kidney disease
(CKD), necessitating renal replacement therapy (RRT).®

Numerous clinical investigations’ '’

into the etiology of SA-AKI have been conducted, yet a consensus on its
underlying causes remains elusive. However, a constellation of mechanisms is posited to drive the progression of AKI
in patients with sepsis. These mechanisms encompass an excessive inflammatory response, changes in autophagic flux,
and changes in complement system activation, programmed cell death pathways, and the development of microcircula-
tory disruptions."'™'* This complex progression of AKI within the septic milieu contributes to the challenges associated
with the clinical diagnosis of AKI, compounded by the inherent difficulties in delineating the specific pathophysiological
trajectory of SA-AKI. This is further complicated by the absence of a clearly defined pathogenetic sequence linking
sepsis to AKI, making the elucidation of these mechanisms predominantly reliant on insights gleaned from animal
models.”

Research reveals that patients with SA-AKI exhibit elevated organ function scores, increased mortality rates, and an
increased need for vasoactive drugs and respiratory support, alongside inflated hospitalization expenses, compared to
those with sepsis alone.'*'> The contemporary therapeutic landscape lacks advanced ameliorative strategies for sepsis-
related AKI, with interventions predominantly aimed at mitigating exposure to renal injury factors, enhancing renal
microcirculation, managing primary infection foci, and optimizing fluid loading. Consequently, the early identification of
patients with SA-AKI and an unfavorable prognosis is imperative.'® Nonetheless, numerous elements interplay in
dictating the intricate pathogenesis, prognosis, and eventual clinical outcomes of SA-AKL'’"' Early prediction of
disease severity and prognosis through initial clinical manifestations and test markers enables early interventions,
mitigating mortality rates.?

It has been discerned that coagulation dysfunction is integral in the progression of sepsis and AKI, underlining its
significant role in SA-AKI?'?* The ambiguity surrounding the correlation of coagulation indices with short-term
prognosis and clinical outcomes necessitates the execution of this retrospective cohort study, aimed at elucidating the
association between coagulation indices and 28-day mortality rate in patients with SA-AKI.

Materials and Methods

Study Design and Patient Selection

Clinical data from patients with sepsis admitted to the ICUs of the First Hospital Affiliated to Fujian Medical University
and the Third People’s Hospital Affiliated to Fujian University of Traditional Chinese Medicine from January 2019 to
December 2021 and from January 2019 to December 2022 were collected for a retrospective cohort study. Anonymized
clinical data were obtained from the electronic medical records systems of both organizations. Upon admission, there
were 276 patients in the First Hospital Affiliated to Fujian Medical University and 106 patients in the Third People’s
Hospital Affiliated to Fujian University of Traditional Chinese Medicine were diagnosed with sepsis according to the
definition of Sepsis-3.0 (Figure 1).' During their hospital stay, the diagnosis of AKI was made using the Kidney Diseases
Improving Overall Prognosis (KDIGO) criteria:** The reference (baseline) serum creatinine (SCr) level was defined as
the lower value between (1) the median of the inpatient and outpatient SCr measurements during the previous 12 months
and (2) the first SCr measurement during the qualifying hospitalization.? Patients older than 18 years were also included
in this study. Patients were excluded according to the following criteria: (1) hospitalized for less than 24 hours; (2)
history of hemodialysis prior to admission; (3) previous CKD; (4) previous kidney transplant; (5) use of nephrotoxic
drugs; (6) presence of diseases that may affect coagulation, such as malignant tumors, hematologic diseases, and
autoimmune diseases; (7) presence of acute or chronic liver failure; (8) undergoing anticoagulation therapy; (9) pregnant
and lactating women.

In accordance with the ethical guidelines and standards outlined in the Declaration of Helsinki, we hereby confirm that
our study fully complies with these principles. The ethics committee of the First Affiliated Hospital of Fujian Medical
University approved this study, and the ethics committee provided the ethical approval (Approval No.: Min Medical
University Attached Ethics Medical Research [2022] 244). This study was approved by the ethics committee of the Third
People’s Hospital affiliated with Fujian University of Traditional Chinese Medicine (Approval No.: 2024KS-56-1). The
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Total Sepsis Patients
n=382

Inclusion criteria
(1)Age=18 years;
(2)Diagnostic criteria for
AKI in KDIGO.

Total SA-AKI Patients
n=256 Exclusion criteria
(1) Hospitalized for less than 24 hours;
(2) History of hemodialysis prior to admission;
(3) Previous chronic kidney disease;
(4) Have received a previous kidney transplant;
(5) Have used nephrotoxic drugs;

(6) The patient has diseases that may affect coagula
tion, such as malignant tumors, hematologic disease
s, and autoimmune diseases;

(7) Acute or chronic liver failure;

(8) Patients undergoing anticoagulation therapy;
(9) Pregnant and lactating women.

Final cohort
n=170

g :

Validation cohort
from the Third People's Hospital of
Fujian University of Traditional Chinese
Medicine
n=51

Training cohort
from the First Hospital of Fujian Medical
University
n=119

Figure | Flow diagram of patient enrolment.

ethics committee approved a waiver of consent from the patients because the study did not include any therapeutic
intervention and the plan was to conduct a retrospective study of SA-AKI patients.

Diagnostic Criteria

We employed the KDIGO criteria to define AKI cases as follows:' (1) an increase in SCr level by > 0.3 mg/dL (> 26.5
umol/L) within 48 h; or (2) an increase in SCr level to > 1.5 times the baseline level, which is known or presumed to
have occurred within the previous 7 days; or (3) a urine volume < 0.5 mL/kg/h for 6 h. Moreover, AKI was classified into
three stages: Stage 1, SCr level increased to 26.5 pmol/L or increased by 1.5-1.9 times the baseline level, or a urine
volume < 0.5 mL/(kg/h) lasting for 6-12 h; Stage 2, SCr level increased by 2-2.9 times the baseline level or a urine
volume < 0.5 mL/(kg/h), lasting > 12 h; Stage 3, SCr level increased by > 3 times the baseline level or increased to 354
umol/L or RRT was required. The diagnostic criteria for disseminated intravascular coagulation (DIC), as established by
the International Society on Thrombosis and Hemostasis, rely on a scoring system that considers the following
parameters: (1) platelet count (PLT); (2) D-dimer or fibrin degradation product; (3) prothrombin time (PT); and (4)
fibrin. A score of > 5 is indicative of overt DIC.?® For the early detection of patients with concurrent sepsis and DIC, the
sepsis-induced coagulopathy (SIC) scoring system was introduced in 2017 (Table S1).?” Patients with a SIC score of > 4
have an elevated risk of overt DIC. Abnormal coagulation parameters were defined as: (1) PLT < 100.00x10"9/L; (2)
thrombin time (TT) > 15.00 s; (3) PT > 15.00 s; and (4) activated partial thromboplastin time (APTT) > 40.00 s. Multiple
organ dysfunction syndrome (MODS) was described as the acute, potentially reversible dysfunction of two or more organ
systems.”®

Relevant Variables and Study Endpoints

We first included 119 cases from the First Affiliated Hospital of Fujian Medical University as a test set and 51 cases from
the Third People’s Hospital of Fujian University of Traditional Chinese Medicine as a validation set. Then, we
considered multiple categories of variables: (1) demographic and admission data, which covered age, sex, AKI stage,
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pathogen status, and admission score; (2) clinical events, which comprised septic shock, abnormal coagulation para-
meters, MODS, SIC, and DIC; (3) the evaluation of a patient’s condition upon admission was gauged using the
Sequential Organ Failure Assessment (SOFA) and Acute Physiology and Chronic Health Evaluation II (APACHE II)
scores; (4) sites of infection were identified as the lungs, abdominal cavity, urinary tract, soft tissues of the skin, and
bloodstream; (5) underlying health conditions considered were hypertension, diabetes, and malignant cancer; (6)
infectious agents documented included gram-negative bacteria, fungi, and noninfectious organisms; (7) medical inter-
ventions applied were RRT, vasoactive drugs, and mechanical ventilation; and (8) laboratory parameters recorded at the
time of SA-AKI diagnosis consisted of PLT, C-reactive protein (CRP), procalcitonin, total bilirubin (TBIL), direct
bilirubin (DBIL), alanine aminotransferase (ALT), alanine transaminase (AST), urea, SCr, N-terminal brain natriuretic
peptide precursor, D-dimer, PT, APTT, TT, fibrinogen, and international normalized ratio (INR). When a patient’s results
for multiple parameters were available within 24 hours of admission, the earliest dataset was prioritized. The primary
endpoint of our research was the 28-day mortality rate.

Statistical Analysis
For our analysis, various methods were employed based on the nature of the data: (1) all continuous measures underwent
normality tests; normally distributed data were denoted as mean + standard deviation, while non-normally distributed
data were indicated as median and interquartile range. Counts were represented as frequency (n) and percentage (%);
(2) one-way analysis of variance or t-tests were used to analyze normally distributed continuous variables, aiming to
discern differences between groups; (3) the Kruskal-Wallis test was used for non-normally distributed continuous
variables, while the chi-square test was used for categorical data; (4) to assess the correlations between demographics,
admission procedures, laboratory outcomes, and the 28-day mortality rate, a univariate Cox proportional risk model was
employed; (5) further, a multivariate Cox proportional hazards model was crafted through stepwise regression analysis to
inspect the relationship between APTT and 28-day mortality rate, with its predictive potency gauged using the area under
the curve (AUC); (6) survival probabilities across diverse APTT level groups were juxtaposed using Kaplan—Meier
curves; and (7) stratified and interaction assessments were performed, focusing on various factors such as sex, age,
patterns of use of RRT, vasoactive drugs, mechanical ventilation, and conditions such as septic shock, blood clotting
anomalies, alongside stages of DIC, SIC, and AKI.

In our dataset, less than 5% of the covariates exhibited missing entries. Given the low proportion of missing data, no
imputations were deemed necessary. All subsequent analyses were performed using R software and SPSS Statistics,
version 26.0 (IBM Corp., Armonk, NY, USA), and P values below 0.05 were considered statistically significant.

Results

Population Characteristics

Of the 276 individuals meeting the Sepsis-3 criteria upon initial admission, 119 eligible patients with SA-AKI with
complete follow-up information were included in the 28-day prognostic cohort study, and these patients were included in
the training cohort. Table 1 summarizes the characteristics of these patients. Based on a 28-day survival analysis, 65
patients (54.62%) were in the survival group, and 54 (45.38%) in the death group, leading to a 28-day mortality rate of
45.38% (54/119). The cohort comprised 72 males (60.50%) and 47 females (39.50%), resulting in a male-to-female ratio
of 1.53:1. Their age ranged from 27 to 95 years with an average of 70.47 = 15.20 years. The primary sites of infection
were the lungs (62.18%), abdominal cavity (20.17%), urinary tract (23.53%), skin and soft tissue (5.88%), hematologic
(12.60%), and simultaneous infections at two or more sites (25.21%). Pathogens identified were gram-negative bacteria
(65.55%), gram-positive bacteria (21.85%), fungal infections (25.21%); in 30 cases (25.21%), no infectious organisms
were detected.

In terms of clinical treatment, usage rates for RRT, mechanical ventilation, and vasoactive drugs were higher in the
death group than in the survival group. Simultaneously, the death group exhibited a higher incidence of septic shock,
coagulation abnormalities, DIC, and MODS than did the survival group (P < 0.05). The SOFA and APACHE II scores in
the death group were higher than those in the survival group (P < 0.01). In the death group, markers including CRP, AST,

1742 "= International Journal of General Medicine 2024:17
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Lin et al

Table | Baseline Characteristics of the Participants and Outcome Parameters

Variable Total Survival Death Iz P-value
Number 119 65 54 - -
Age, years 70.47 £ 15.20 6991 £ 14.78 71.15 £ 15.79 —0.521 0.603
Sex (n, male/female) 72/47 39/26 33/21 0.015 0.092
AKI stage n (%) - - 3.537 0.171

| 42(35.29) 27(41.54) 15(27.78) - -

2 35(29.41) 15(23.08) 20(37.04) - -

3 42(35.29) 23(35.38) 19(35.19) - -

Site of infection - - - -

Lung n (%) 74(62.18) 33(50.77) 41(75.93) 7.938 0.005
Abdominal cavity n (%) 24(20.17) 16(24.62) 8(14.81) 1.760 0.185
Urinary n (%) 28(23.53) 24(36.92) 4(7.41) 14.281 < 0.001
Skin soft tissue n (%) 7(5.88) 1(1.54) 6(11.11) 4.882 0.027
Blood n (%) 15(12.61) 8(12.31) 7(12.96) 0.011 0.915
Two or more 30(25.21) 18(27.69) 12(22.22) 0.468 0.494
Pathogen - - - -

Gram-negative bacteria n (%) 78(65.55) 42(64.62) 36(66.67) 0.055 0.815
Gram-positive bacteria n (%) 26(21.85) 13(20.00) 13(24.07) 0.287 0.592
Fungi n (%) 30(25.21) 10(15.38) 20(37.04) 7.334 0.007
No infectious organism n (%) 30(25.21) 18(27.69) 12(22.22) 0.468 0.494

Interventions - - - -

RRT n (%) 61(51.26) 24(36.92) 37(68.52) 11.785 0.001
Mechanical ventilation n (%) 53(44.54) 16(24.62) 37(68.52) 23.016 < 0.001
Vasoactive drug n (%) 74(62.18) 28(43.08) 46(85.19) 22.240 < 0.001

Comorbidities - - - -

Hypertension n (%) 67(56.30) 35(53.85) 32(59.26) 0.351 0.553
Diabetes mellitus n (%) 40(33.61) 24(36.92) 16(29.63) 0.703 0.402
Malignant cancer n (%) 28(23.53) 13(20.00) 15(27.78) 0.992 0.319
Septic shock n (%) 68(57.14) 28(43.06) 40(74.07) 11.572 0.001
MODS n (%) 55(46.22) 22(33.85) 33(61.11) 8.821 0.003
Coagulation abnormal n (%) 94(78.99) 46(70.71) 48(88.89) 5.836 0.016
DIC n (%) 33(27.73) 12(18.46) 21(38.89) 6.141 0.013
SIC n (%) 115(96.64) 61(93.85) 54(100.00) 3.439 0.064
(Continued)
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Table | (Continued).
Variable Total Survival Death A P-value
Scoring system
SOFA 7.00(4.00, 10.00) 3.00(3.00, 9.00) 8.00(6.00, 11.00) —2.847 0.004
APACHE I 16.00(11.00, 21.00) 14.00(9.00, 18.00) 19.00(13.00, 25.00) —3.536 < 0.001
Laboratory results
PLT (x1079/L) 114.00 (61.00, 189.00) 121.00(91.50, 227.00) 89.50(37.00, 164.25) —2.637 0.013
CRP (mg/L) 121.39 = 104.09 93.70 + 82.24 15472 + 117.83 —2.653 0.004
PCT (ng/mL) 7.28(1.37, 19.26) 6.65(1.13, 17.46) 8.57(2.07, 23.51) —1.388 0.223
ALT (U/L) 25.00(13.00, 58.00) 24.00(12.00, 56.50) 27.50(15.00, 61.75) —0.988 0.323
AST (U/L) 35.00(20.00, 72.00) 32.00(15.00, 61.00) 38.50(26.00, 115.50) -2.315 0.021
TBIL (mg/dl) 13.10(8.40, 26.00) 10.80(7.50, 18.55) 17.35(9.58, 37.33) -2.210 0.024
DBIL (mg/dl) 7.20(4.00, 16.70) 6.50(3.75, 12.15) 9.70(4.85, 23.93) —2.034 0.022
ALB (g/L) 30.28 + 5.30 30.43 + 4.89 30.09 + 5.80 —0.091 0.928
Urea (mmol/L) 18.16 + 10.87 16.52 + 10.12 20.85 £ 11.05 —-1.906 0.057
SCr (umol/L) 145.40(116.30, 212.70) 156.60(109.50, 208.35) 142.80(117.20, 263.00) —0.131 0.896
CysC (mg/L) 222 % 1.05 2.06 £ 1.00 243 £ .10 —1.881 0.060
NT-ProBNP (ng/L) 2769.00 2538.00 3329.00 —0.357 0.721

(923.50, 9367.50) (823.25, 9465.00) (1211.00, 9465.00)

Lactate (mmol/L) 3.89 + 325 296 +2.72 5.02 + 3.50 —3.298 0.001
D-D (ng/mL) 5.67(3.27, 8.77) 5.19(2.99, 7.50) 6.41(3.39, 11.55) —1.284 0.199
TT (s) 15.70(14.50, 17.90) 15.70(14.48, 17.28) 15.70(14.55, 19.10) —1.047 0.295
PT (s) 14.40(12.90, 16.60) 14.05(12.88, 16.08) 15.35(13.75, 19.50) —2.868 0.004
APTT (s) 42.24 £ 18.76 37.71 £ 13.97 53.11 £23.70 =2.777 0.005
Fibrinogen (g/L) 4.67 £ 3.35 5.07 £ 2.20 3.35+ 1.87 —2.500 0.012
INR 1.25(1.13, 1.52) 1.23(1.13, 1.42) 1.25(1.13, 1.61) —0.975 0.330

Notes: Data are presented as the mean + SD or median (IQR) for skewed variables or numbers (proportions) for categorical variables.

Abbreviations: AKI, acute kidney injury; MODS, multiple organ dysfunction syndrome; SIC, sepsis-induced coagulopathy; DIC, disseminated intravascular
coagulation; SOFA, Sequential Organ Failure Assessment; APACHE I, Acute Physiology and Chronic Health Evaluation Il; RRT, renal replacement treatment;
PLT, Platelet platelet count; CRP, C-reactive protein; PCT, procalcitonin; TBIL, total bilirubin; DBIL, direct bilirubin; ALT, alanine aminotransferase; AST, alanine
transaminase; SCr, serum creatinine; NT-proBNP, N-terminal brain natriuretic peptide-precursor; D-D, D-dimer; PT, prothrombin time; APTT, activated partial
thromboplastin time; TT, thrombin time; INR, international normalized ratio.

TBIL, DBIL, lactate, PT, and APTT levels were higher, while PLT and fibrinogen levels were lower than those in the
survival group (P < 0.05).

In the validation cohort, we selected 51 patients with SA-AKI who were eligible and had complete follow-up
information to be included out of 106 patients who met the Sepsis-3 criteria on admission. Comparing the training cohort
with the validation cohort, there was a statistical difference only between a history of concomitant hypertension and
serum lactate levels (P < 0.05; Table S2).
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Cox Regression Analysis

After comparing the death group with the survival group and selecting for P values < 0.05, sex and age underwent univariate Cox
regression analysis. The analysis revealed that RRT usage (hazard ratio [HR] = 0.547, 95% CI 0.320-0.935, P = 0.027),
mechanical ventilation (HR =3.382, 95% CI 1.898-6.027, P <0.001), vasoactive drug usage (HR =4.459, 95% CI 2.097-9.479,
P <0.001), and the laboratory parameters PLT (HR = 0.996, 95% CI 0.992-0.999, P = 0.028), PT (HR = 1.034, 95% CI 1.006—
1.061, P=0.015),and APTT (HR =1.019, 95% CI 1.007-1.031, P = 0.002) were risk factors influencing 28-day mortality in SA-
AKI patients. When univariate cox regression analyses were performed for pathogen classification, a negative correlation was
found between only undetected pathogens and a 28-day prognosis (Table S3). When these risk factors were further analyzed
using multivariate Cox stepwise regression, it was found that APACHE II (HR = 1.047, 95% CI 1.003—1.093, P = 0.036), CRP
(HR =0.008,95% C11.001-1.007, P=0.010), Lac (HR = 1.107, 95% CI 1.022-1.198, P=0.012), and APTT (HR = 1.022, 95%
CI 1.006-1.038, P = 0.007) were independent risk factors for 28-day mortality in SA-AKI patients. The findings are detailed in
Table 2. A multivariate model of APTT was constructed, with the initial model being unadjusted. Model 1 was adjusted for Lac
level, APACHE II score, and CRP level. In the initial model, the HR and 95% CI for both low and high APTT groups were 1.023
(0.940-1.113) and 1.017 (1.001-1.032), respectively. Upon adjustment in Model 1, these values shifted to 0.999 (0.917-1.088)
and 1.030 (1.009-1.050), respectively, as shown in (Table S4).

Table 2 Cox Analysis of Risk Factors for 28-Day Mortality in Patients with SA-AKI

Variable Univariate Multivariate

HR 95% ClI P-value | HR 95% CI P-value
Age 1.006 | 0.547-1.633 0.840
Sex 0.945 | 0.987-1.024 0.556
RRT 0.547 | 0.320-0.935 0.027
Mechanical ventilation | 3.382 | 1.898-6.027 | < 0.001 | 1.554 | 0.732-3.298 0.251
Vasoactive drug 4.459 | 2.097-9.479 | <0.001 | 1.790 | 0.666—4.814 0.249
PLT (x1079/L) 0.996 | 0.992-0.999 0.028 0.999 | 0.995-1.003 0.534
CRP (mg/L) 1.004 | 1.002-1.006 | < 0.001 | 1.004 | 1.001-1.007 0.008
AST (U/L) 1.000 | 0.999-1.001 0.512 1.000 | 1.000-1.001 0.602
TBIL (mg/dl) 1.006 | 1.002-1.011 0.006 1.011 | 0.964-1.060 0.650
DBIL (mg/dl) 1.008 | 1.003-1.014 0.004 0.990 | 0.928-1.056 0.757
Lactate (mmol/L) 1.124 | 1.049-1.205 0.001 1.107 | 1.022-1.198 0.012
PT(s) 1.034 | 1.006—1.061 0.015 1.002 | 0.960-1.046 0.929
APTT(s) 1.019 | 1.007-1.031 0.002 1.022 | 1.006-1.038 0.007
Fibrinogen (g/L) 0911 | 0.810-1.026 0.123 - -
INR 1.270 | 0.711-2.039 0.347 - -
SOFA 1.098 | 1.033-1.169 0.003 0.931 | 0.814-1.064 0.294
APACHE I 1.083 | 1.051-1.117 | <0.001 | 1.047 | 1.003—1.039 0.036

Abbreviations: RRT, renal replacement treatment; SOFA, Sequential Organ Failure Assessment; APACHE I,
Acute Physiology and Chronic Health Evaluation II; PLT, platelet count; CRP, C-reactive protein; TBIL, total
bilirubin; DBIL, direct bilirubin; AST, alanine transaminase; PT, prothrombin time; APTT, activated partial
thromboplastin time; INR, international normalized ratio.
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APTT and 28-Day Mortality

In the training cohort, a restriction cubic spline (RCS) analysis revealed a nonlinear relationship between APTT (logy)
and the 28-day mortality rate. For APTT levels below 37.7 s, the risk of death remained consistent. However, for APTT
values of 37.7 s and above, the risk of death increased concurrently with the APTT levels (Figure 2A). The results were
similar in the validation cohort, except that this turning point occurred at an APTT level of 38.8 s (Figure 2B).

To analyze the cumulative survival in-depth, we divided the patients in both the training and validation cohorts into
two groups based on the median APTT value (37.7 seconds): a high-APTT group (= 37.7 seconds) and a low-APTT
group (< 37.7 seconds). Kaplan—Meier survival curves showed that the 28-day cumulative survival rates in the training
cohort were 42.11% and 66.13% for the high-APTT and low-APTT groups, respectively. Notably, high APTT was
associated with decreased 28-day survival, which decreased further with increasing APTT (Log-rank, = 4.7, P = 0.012,
Figure 3A). We observed the same pattern in the validation cohort (Log-rank, = 10.81, P = 0.001, Figure 3B).

We plotted a 3D bar chart to visualize the relationship between APTT levels and 28-day mortality (Figure 4). Patients
were divided into four equal parts: Q1: APTT <31.0 s; Q2: 31.0 s < APTT <37.7 s; Q3: 37.7 s < APTT <47.7 s; and
Q4: APTT > 47.7 s. In the training cohort, the 28-day mortality rates from Q1 to Q4 were 28.1%, 40.0%, 51.7%, and
64.3%, respectively. In the validation cohort, these were 44.4%, 46.4%, 66.7%, and 93.3%, respectively.
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— 100
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HR per SD = 1.023 HR per SD = 1.017 HR per SD = 0.906 HR per SD = 1.024
(0.940t0 1.113) (1.001 t0 1.032) (0.844 10 0.973) (0.958 to 1.096)
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Figure 2 Restriction cubic spline (RSC) analysis of the association between log-transformed APTT and 28-day mortality. (A) RCS curves in the training cohort. The HR of
the median was used as baseline, 37.7 s for log-transformed activated partial thromboplastin time (APTT). (B) RCS curves in the validation cohort. The HR of the median
was used as baseline, 37.7 s for log-transformed APTT. Hazard ratios are indicated by solid lines and 95% Cls by shaded areas.
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Figure 3 Kaplan-Meier survival curve for activated partial thromboplastin time (APTT). Kaplan—-Meier analysis was performed to compare the 28-day survival (overall
survival [OS]) rate between the high- and low-APTT groups using p-values from the Log rank test. (A) Kaplan—Meier survival curve in the training cohort. High APTT was
associated with poor prognosis (P = 0.012). (B) Kaplan—Meier survival curve in the validation cohort. High APTT was associated with poor prognosis (P = 0.001).

1746 "= International Journal of General Medicine 2024:17

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Lin et al

I The training cohort
I The validation cohort

100

©
o

(o2}
o

28-Day mortality(%)
N
o

N
o

R R R R

) O
S S
c ov fotd

Figure 4 3D bar chart of activated partial thromboplastin time (APTT) and 28-day mortality. QI group: APTT < 31.0 s; Q2 group: 31.0 s < APTT < 37.7 s; Q3 group: 37.7
s < APTT < 47.7 s; and Q4 group: APTT > 47.7 s. In the training cohort, the 28-day mortality rates were as follows: Q| group: 28.1%, Q2 group: 40.0%, Q3 group: 51.7%,
Q4 group: 64.3%. In the validation cohort, the 28-day mortality rates were as follows: QI group: 44.4%, Q2 group: 46.4%, Q3 group: 66.7%, Q4 group: 93.3%.

Receiver Operating Characteristic Curve

Receiver operating characteristic (ROC) curves for APTT and Model 1 were constructed to predict mortality in patients
with SA-AKI (Figure 5). The AUC for APTT was 0.675 (95% CI 0.566—0.784), while for Model 1, it was 0.774 (95% CI
0.684-0.866). The sensitivity rates for APTT and Model 1 were 53.3% and 62.2%, respectively, and both showed
a specificity of 81.1%. We also tested the ability of APTT and Model 1 to predict mortality in patients with SA-AKI in
the validation cohort. The AUC for APTT stood at 0.675 (95% CI, 0.566-0.784); for Model 1, the AUC was notably

A Training cohort B Validation cohort
2 2
= =
‘@ ‘@
c c
7} 7}
(2] 2]
02
Source of the curve___ AUC (95% Cl) Source of the curve___ AUC (95% Cl)
——APTT 0.675 (0.566 — 0.784) ——APTT 0.757 (0.605 — 0.909)
) —— Model 1 0.774 (0.684 — 0.866) —— Model 1 0.843 (0.708 - 0.977)
d e Reference line T e Reference line
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Figure 5 Restriction cubic spline (RSC) curves for predicting 28-day mortality in the training and validation cohorts. (A) ROC curves for activated partial thromboplastin
time (APTT) and Model | in the training cohort. (B) ROC curves for APTT and Model | in the validation cohort. Variables included in model |: APACHE Il score, c-reactive
protein (CRP), procalcitonin (PCT), platelet count (PLT), and D-dimer levels.
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higher at 0.774 (95% CI 0.684-0.866). The sensitivity and specificity were 61.8% and 82.4% for APTT and 67.6% and
94.1% for Model 1, respectively.

Subgroup Analysis

Table 3 shows the correlation between APTT and 28-day mortality across different patient statuses. An interaction was
found between RRT usage and sepsis-related coagulation dysfunction (P < 0.05). However, other subgroups revealed no
significant interactions (P < 0.05). Among patients with stage 2 AKI, the predictive power of APTT for 28-day mortality
was less robust than among patients with stages 1 and 3 AKI. The HRs for stages 1, 2, and 3 AKI were 1.018 (95% CI
1.002-1.035, P < 0.05), 1.008 (95% CI 0.970-1.047, P = 0.088), and 1.026 (95% CI 1.003—-1.049, P < 0.05),
respectively.

Table 3 Subgroup Analysis of the Association Between APTT and 28-Day Mortality

Characteristics Number HR (95% CI) P-value | P for interaction
Sex - - - 0.283
Male 72 1.014 (1.000-1.029) 0.058 -
Female 47 1.039 (1.011-1.068) 0.006
Age - - 0314
<70 47 1.004 (0.980-1.029) 0.746
=270 72 1.028 (1.012-1.044) | < 0.001
RRT - - - 0.893
No 58 1.023 (1.003—1.044) 0.023
Yes 6l 1.017 (1.000-1.035) 0.044
Vasoactive drug - - - 0.348
No 58 1.000 (0.957—1.045) 0.995
Yes 6l 1.022 (1.007-1.037) 0.003
Mechanical ventilation - - - 0.316
No 66 1.038 (1.009-1.068) 0.010
Yes 53 1.005 (0.991-1.020) 0.499
Septic shock - - - 0.467
No 51 1.008 (0.979-1.037) 0.593
Yes 68 1.022 (1.006—-1.037) 0.006
MODS 0.832
No 64 1.017 (0.997-1.036) 0.092
Yes 55 1.023 (1.005-1.041) 0.011
Coagulation abnormal - - - 0513
No 22 1.159 (0.863—1.556) 0.326
Yes 97 1.017 (1.004-1.029) 0.009
(Continued)
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Table 3 (Continued).

Characteristics Number HR (95% CI) P-value | P for interaction
DIC - - - 0.698
No 86 1.015 (0.999-1.031) | 0.069 -
Yes 33 1.025 (1.005-1.047) | 0.016 -
SIC - - - 0.638
No 4 0.997 (0.898-1.107) | 0.955 -
Yes 115 1.021 (1.009-1.033) | 0.001 -
AKI stage - - - 0.873
[ 42 1.018 (1.002-1.035) | 0.031 -

2 35 1.008 (0.970-1.047) | 0.684 -
3 42 1.026 (1.003-1.049) | 0.026 -

Abbreviations: RRT, renal replacement treatment; AKI, acute kidney injury; MODS, multiple organ dysfunc-
tion syndrome; SIC, sepsis-induced coagulopathy; DIC, disseminated intravascular coagulation.

Discussion

Sepsis can affect multiple body organs due to its rapid onset and swift progression. AKI has been observed in

2930 and this condition also stands as an independent risk factor for

31-33
h

approximately 31.2% to 70.0% of sepsis patients,
death in these individuals, imposing a significant economic strain on patients and their families. Existing researc
has documented an overall mortality rate of 30% to 70% in patients with sepsis-related acute kidney injury. The present
results showed an overall mortality rate of 51.8% in all 170 patients with SA-AKI, which is consistent with the results of
previous studies. Additionally, we observed that SA-AKI patients in the death group exhibited a higher risk of septic
shock than did those in the survival group. This aligns with the findings of Ranieri’s et al,>* suggesting that patients with
sepsis and hypocoagulation together with increased hemorrhage potential had higher morbidity and mortality rates.
Identifying prognostic risk indicators in SA-AKI patients is paramount to assess disease progression accurately and to
ensure immediate, effective interventions. Meanwhile, there was no statistical difference in most of the variables between
the training and validation cohorts, meaning there was a certain degree of homogeneity in most of the indicators between
the two groups, which speaks to the generalizability of the results.

In our study, 79% of SA-AKI patients showed anomalies in at least one coagulation index, and irregularities were
noted in one or more parameters among PLT, TT, PT, and APTT levels. Notably, the death group showed a significantly
higher rate of abnormal coagulation indices than did the survival group, and their cumulative survival rate was inferior to
those with normal coagulation. Furthermore, 27.73% of patients with sepsis presented with DIC at the time of their AKI
diagnosis. The DIC incidence was notably higher in the death group than in the survival group. While 96.64% of SA-
AKI patients exhibited combined SIC, no significant difference existed between the survival and death groups. This could
be due to the SIC score’s high sensitivity,*> possibly leading to the enrolment of patients who are already in advanced
SA-AKI stages. The study by Liao et al’® proposed that both SIC and overt DIC scores escalate over time, with DIC
diagnosis thresholds being surpassed after those of SIC. Hence, the SA-AKI patients reaching the SIC diagnostic
threshold considerably outnumbered those reaching the overt DIC threshold. Our findings reinforce the idea that
coagulation disorders play a significant role in SA-AKI development and serve as crucial benchmarks for SA-AKI
patients’ prognostic assessments.

The pathophysiology underlying sepsis and SA-AKI is multifaceted, encompassing changes in the function of various
organs and systems. The nuances of these changes are still subjects of debate in the medical community. Contemporary
research suggests that the development of SA-AKI might stem from a multi-systemic response, primarily between the
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coagulation and immune systems, following an invasion by pathogenic microorganisms. This protective response is the
body’s natural defense against microbial threats. However, this interaction can lead to immunothrombosis and con-
sequential organ damage.”®> In sepsis, there is a pronounced release of endotoxins and inflammatory agents that
compromise the vascular endothelial structure, promoting monocyte-macrophage expression and subsequent tissue
damage.’” Furthermore, tissue factors released from these monocytes activate circulating factor VIIa,® leading to the
formation of a tissue—factor VIla complex. This event marks the start of the exogenous coagulation pathway, which in
turn causes hyperfibrinolysis and a reduction in coagulation factor production.®® As a result, coagulation indices often
show elevated PT and INR levels but a decline in fibrinogen. Concurrently, inflammatory substances, when released by
immune cells, can either directly or indirectly, cause endothelial cell damage. This process activates coagulation factor XI
through the binding of coagulation factor XIla to subendothelial collagen, triggering the endogenous coagulation
pathway and subsequent thrombosis in microvascular structures.*® An increase in APTT is a typical characteristic of
coagulation indices in this context. Furthermore interactions between the endogenous and exogenous coagulation

4 reduced

pathways amplify coagulation activities. Both pathways culminate in platelet aggregation and adhesion,
fiber activity, increased hypercoagulability, and microthrombi formation in microvascular structures. This ultimately
leads to renal microcirculation disorders and an increase in mortality rates.** This aligns with our findings and suggests

that anomalies in coagulation significantly influence the onset of SA-AKI**

and its eventual prognosis.

Among the measured coagulation parameters, APTT was associated with 28-day mortality rate in SA-AKI patients.
Deeper investigations highlighted that an increased APTT correlated with a markedly increased mortality risk. Cox
multifactorial analysis and RCS curves unveiled pronounced differences in survival rates among SA-AKI patients,
especially when APTT was > 37.7 s. Additionally, our subgroup analyses showed consistent prognostic values across the
groups, with no interactions between APTT and other covariates. In the validation cohort, despite the identification of
a turning point at an APTT of 38.8 s, this did not obscure the clarification of the relationship between APTT and the risk
of 28-day mortality. This outcome could be attributed to our methodological shift towards emphasizing a HR of 1 as the
pivotal threshold. Notably, within the APTT range of 37.7 s to 38.8 s, we observed a slower increase in the risk of death
at 28 days, which strengthens the nuanced understanding of the predictive value of the APTT.

APTT is an essential metric for assessing the internal coagulation pathway.** An increased APTT signifies abnorm-
alities in coagulation factors and disruptions in internal coagulation. In our study, Cox multifactorial analysis revealed
that an increased APTT is an independent risk factor for 28-day mortality in patients with SA-AKI. When assessing the
cumulative survival rates through APTT stratification, it was shown that SA-AKI patients with APTT readings above
37.7 s had a death 1.75-fold risk of mortality than did their counterparts with APTT readings below 37.7 s. As the APTT
lengthened, the 28-day mortality rate in SA-AKI patients increased consistently. This consistent relationship between
increased APTT and poor outcomes remained even after controlling for potential confounding factors. The same result
was found in the validation cohort. Previous studies**® have made similar observations regarding the prognostic
implications of increased APTT in patients with sepsis. However, our ROC curve assessments revealed that while the
predictive capabilities of APTT are fairly universal, they lack sensitivity. The accuracy of APTT as a predictive tool for
SA-AKI prognosis can be enhanced when combined with parameters such as the APACHE II score, Lac, and CRP. It is
worth noting that our participant pool included individuals who experienced external trauma or burns; therefore, our
findings necessitate further validation in a larger sample for clarity.

Through interaction analyses, our investigation unearthed a markedly consistent and robust association between
APTT and 28-day adverse prognoses, demonstrating resilience against the influence of a multitude of risk factors. This
harmonizes with prior research*” elucidating the correlation between coagulation markers, such as APTT, and the staging
or prognostication of AKI, particularly within the purview of distinct illnesses like hemorrhagic fever coupled with renal
syndrome. In our analysis, it was observed that APTT’s predictive capacity for 28-day mortality was much lower in
patients classified under stage 2 AKI than in those with stages 1 or 3 AKI. Previous studies established a direct
correlation between the severity of AKI and the subsequent increases in patient mortality rates.>® Contrary to this result,
our dataset indicated an anomaly wherein mortality rates were higher in patients with stage 2 AKI than in those with
stage 3 AKI. This divergence from prior findings*® could potentially be attributed to the absence of continuous dynamic
surveillance of blood creatinine levels in the present study, which may have led to diminished precision in AKI staging
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for certain patients. Additionally, not all mortality within the present cohort could be directly ascribed to AKI,
considering the high chance of sepsis leading to MODS.**® Therefore, the intricacies surrounding the relationship
between SA-AKI and 28-day mortality warrant further investigations.

Our study had certain limitations. First this study’s retrospective design primarily concentrated on initial coagulation
indices without assessing the effects of treatments during hospitalization, and we did not track data dynamically. We did
not conduct a prospective study due to resource constraints, and the lack of detailed pathogen identification may have
compromised our further analysis of SA-AKI outcomes. Moving forward, the goal is to engage in comprehensive
research and analyses, aiming for broader multicenter studies to bolster the robustness and scope of our evaluations.

Conclusion
APTT may be an independent predictor of adverse outcomes in SA-AKI patients, especially in patients with stages 1 and
3 AKI. Increased APTT values escalated, the 28-day mortality rate proportionally increased.
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