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Purpose: Sepsis-associated coagulopathy (SAC) contributes to the development of multiple

organ failure (MOF) and increasing mortality. The present study was conducted to investi-

gate whether coagulative biomarkers on admission to the intensive care unit (ICU) can

predict acute kidney injury (AKI) and mortality in patients with septic shock caused by

intra-abdominal infection (IAI).

Patients and methods: An observational retrospective study was conducted in the surgical

ICU. We studied patients who met the criteria of septic shock (Sepsis-3) caused by IAI

between January 1, 2013, and December 31, 2016. By adjusting for baseline characteristics,

multivariate regression analyses were employed to identify independent risk factors for

predicting AKI and mortality.

Results: Of the 138 enrolled patients, 65 patients developed AKI. The patients who

developed AKI exhibited a dramatically higher Sequential Organ Failure Assessment

(SOFA) score (median, 12), Acute Physiology and Chronic Health Evaluation (APACHE)

II score (median, 27.5) and mortality rate. In both models, we found that activated partial

thromboplastin time (APTT) (odds ratio (OR)=1.074, 95% confidence interval (CI) 1.030–

1.120, p=0.001), prothrombin time (PT) (OR=1.162, 95% CI 1.037–1.302, p=0.010) and D-

dimer level (OR=1.098, 95% CI 1.002–1.202, p=0.045) on admission to the ICU were

significant risk factors for AKI. Moreover, Cox regression analysis showed that prolonged

APTT (OR=1.065, 95% CI 1.025–1.107, p=0.001) was independently associated with high

mortality.

Conclusion: In patients with septic shock caused by IAI, APTT, PT and D-dimer level on

admission to the ICU were significantly associated with AKI. Furthermore, APTT was an

independent predictor of 30-day mortality.

Keywords: coagulopathy, biomarker, septic shock, acute kidney injury, intra-abdominal

infection, mortality

Introduction
Septic shock is a serious response to infection that involves underlying circulatory

and cellular metabolic abnormalities and has a substantial effect on health resources

and mortality.1 Although the guidance of Surviving Sepsis Campaign bundles has

led to a decline in incidence, septic shock continues to account for 62% of overall

shock cases, with hospital mortality rates greater than 40%.1–3 In the surgical

intensive care unit (ICU), intra-abdominal infection (IAI) is the most common

cause of sepsis, resulting in an overall mortality rate of 10.5% worldwide.4,5
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Although hospital mortality related to septic shock has

declined, the rate of organ dysfunction remains high. Acute

kidney injury (AKI) is one of the most frequent complica-

tions of sepsis, which endangers 30–40% of patients in the

ICU.6 More than 45% of patients with septic shock suffer

from AKI, and all of them may display poor outcomes,

including longer ICU and hospital stays, chronic kidney

disease (CKD), end-stage renal disease (ESRD) and

increased mortality.7–9 However, thus far, there have been

no reliable biomarkers that could predict AKI following

sepsis. In addition, >50% loss of renal function is required

to induce changes in SCr, limiting the ability to provide early

intervention for AKI in septic patients.10,11 Therefore, the

need to develop more sensitive biomarkers for predicting

AKI and guiding further supporting treatment to reduce the

exacerbation of renal function is urgent.

Mounting evidence indicates that sepsis-associated coa-

gulopathy (SAC), which causes microvascular thrombosis

and subsequent multiple organ failure (MOF), is closely

related to severe infection.12–15 Mechanically, activation of

the coagulation system and downregulation of the anticoa-

gulant pathway result in high levels of thrombin expression

and fibrin deposition in the microcirculation.16,17 Currently,

dysfunction of the renal microvascular system is considered a

major contributing factor to septic AKI.18 Hence, coagula-

tion dysfunction is potentially associated with septic AKI. A

considerable number of studies have evaluated the relation-

ships between platelets and MOF in sepsis.19–21 In addition,

other studies have focused on the value of several biomarkers

of endothelial injury for predicting AKI in critically ill

patients and not just sepsis-induced AKI.22–24 However,

few studies have focused on the role of coagulative biomar-

kers, including APTT and D-dimer, in predicting AKI devel-

opment and mortality in patients with septic shock.

Accordingly, coagulative biomarkers (eg, APTT, PT and

D-dimer level) may be efficient predictors of AKI, whereas

knowledge regarding the relationship between coagulopathy

and sepsis-induced AKI remains limited. The present study

aimed to explore the relationship between early coagulative

biomarkers and the development of AKI and to measure the

predictive value of these biomarkers for 30-day mortality in

patients with septic shock caused by IAI.

Patients and methods
Patients
This observational retrospective study was conducted in

the surgical ICU of the Second Affiliated Hospital of

Zhejiang University, a teaching hospital in Zhejiang

Province in China. From January 1, 2013, to December

31, 2016, 1701 critically ill patients were admitted to the

surgical ICU. Among these admissions, 138 patients who

met the criteria for septic shock (The Third International

Consensus Definitions for Sepsis and Septic Shock

(Sepsis-3)) were enrolled (Figure 1). The following exclu-

sion criteria were applied: (1) age younger than 18 years

old; (2) ICU stay of less than 24 hrs; (3) repeated admis-

sion to the same ICU; (4) no available coagulative mea-

surements; (5) criteria for septic shock (Sepsis-3) not met

within 24 hrs after admission to the ICU; (6) chronic renal

failure (CKD), acute or chronic liver failure (ALF or

CLF), or a known hematologic disease affecting the coa-

gulation cascade; (7) use of anticoagulation therapy to

treat such disorders as deep venous thrombosis (DVT),

coronary atherosclerotic heart disease or myocardial

infarction (MI); or (8) septic shock caused by an infection

outside the abdomen. All patients in the study were fol-

lowed for more than 30 days.

IAI was defined as an infection that is limited to a

hollow viscus or extends into a normally sterile area of

the abdomen, such as the peritoneal cavity, mesentery,

retroperitoneum, other abdominal organ, or the abdominal

wall.25,26

We defined patients with AKI according to the criteria

of the Kidney Disease Improving Global Outcomes

(KDIGO) classification during the ICU stay.11 The lowest

SCr recorded one year previously in the hospital records

was considered the baseline, as it provided a reasonable

reflection of the patients’ premorbid baseline. If the patient

did not have a baseline SCr on record, baseline SCr was

estimated using the equation from the Modification of Diet

in Renal Disease (MDRD) Study, which assumes that the

baseline eGFR is 75 mL/min per 1.73 m2, according to the

KDIGO guideline.11,27

Data collection
We collected patient data from electronic and paper med-

ical records and recorded them on a previously designed e-

sheet with five parts: (1) demographic data: age and sex;

(2) admission status data: the source of IAI, comorbidities

(hypertension) and Charlson Comorbidity Index (CCI); (3)

admission laboratory data: serum procalcitonin (PCT),

serum N-Terminal pro-brain natriuretic peptide (NT-

proBNP), serum creatinine (SCr), serum lactate (Lac),

activated partial thromboplastin time (APTT), prothrombin

time (PT), international normalized ratio (INR), plasma
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fibrinogen (Fg), D-dimer and platelets (PLT); (4) data from

the first 24 hrs in the ICU: Sequential Organ Failure

Assessment (SOFA) score, Acute Physiology and

Chronic Health Evaluation (APACHE) II score and cumu-

lative fluid balance (calculated using all recorded fluid

input and output); and (5) primary outcomes: maximum

AKI stage during ICU stay, 30-day mortality, use of renal

replacement therapy (RRT), ventilation duration and

length of ICU stay.

Statistics
All the data were divided into two categories: (1) contin-

uous variables and (2) categorical data. The measurement

data were expressed as the mean (standard deviation (SD))

or median (interquartile range (IQR)). Categorical data

were expressed as the number (percentage). The data were

compared using odds ratios (ORs) within 95% confidence

intervals (CIs) in the univariate analysis. After adjustment

for model 1 or model 2, multivariable logistic regression

(stepwise procedure) was used to analyze the relationship

between coagulative biomarkers and the development of

AKI. Model 1 included age, sex, hypertension, CCI, PCT,

NT-proBNP, Lac and SOFA score. Model 2 included age,

sex, hypertension, CCI, PCT, NT-proBNP, Lac and

APACHE II score. Receiver operating characteristic

(ROC) curve analysis was used to evaluate the value of

coagulative biomarkers for predicting the development of

AKI. Additionally, Cox regression (stepwise procedure)

was used to identify predictors of 30-day mortality. All

data were analyzed with SPSS software (version 19.0,

Chicago, IL, USA) and GraphPad Prism software (version

5.01, San Diego, CA, USA).

Results
Patients’ baseline characteristics
The baseline data are shown in Table 1 and indicate that

the disorder most prone to IAI was gastroduodenal disease

(42%), including gastroduodenal perforation, intestinal

necrosis and Crohn’s disease, followed by biliary disease

(22%). The median SOFA and APACHE II scores reached

10.0 (IQR, 8.0–12.0) and 19.5 (IQR, 14.0–25.0), respec-

tively. The incidence of AKI was 47%, and stage 2 AKI

(21%) accounted for nearly half of that percentage. The

30-day mortality rate was 44%.

Relationship between coagulative

biomarkers on admission to the ICU and

AKI
The univariable cohort analysis is shown in Table 2. The

patients who developed AKI exhibited a dramatically

higher SOFA score, APACHE II score and mortality rate.

PCT differed significantly between the AKI group and

non-AKI group. The parameters of organ dysfunction,

including NT-proBNP, SCr and Lac, were significantly

higher in both the AKI group and nonsurvivor group.

The cumulative fluid balance in the first 24 hrs and the

Figure 1 Flowchart of the enrolled patients.
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use of RRT during the ICU stay were remarkably

increased according to the severity of disease.

After adjustment for age, sex, hypertension, CCI, PCT,

NT-proBNP, Lac and the SOFA score in model 1, APTT

(OR=1.074, 95% CI 1.030–1.120, p=0.001), PT

(OR=1.162, 95% CI 1.037–1.302, p=0.010), INR

(OR=3.923, 95% CI 1.322–11.640, p=0.014) and D-

dimer level (OR=1.098, 95% CI 1.002–1.202, p=0.045)

on admission to the ICU were independently associated

with AKI (Table 3). After adjustment for age, sex, hyper-

tension, CCI, PCT, NT-proBNP, Lac and the APACHE II

score in model 2, APTT (OR=1.074, 95% CI 1.032–1.118,

p<0.001), PT (OR=1.168, 95% CI 1.052–1.298, p=0.004)

and D-dimer level (OR=1.096, 95% CI 1.003–1.197,

p=0.042) on admission to the ICU were significantly

related to AKI. In both models, we found that APTT, PT

and D-dimer level on admission to the ICU were signifi-

cant risk factors for AKI.

The ability of coagulative biomarkers to predict the

development of AKI was evaluated using the ROC

curve. The area under the curve (AUC) values of APTT,

PT, D-dimer level and INR were 0.857 (0.797–0.918),

0.832 (0.765–0.898), 0.844 (0.780–0.909) and 0.828

(0.761–0.895), respectively, after adjustment for model 1

(Figure 2A). The AUC values of APTT, PT and D-dimer

level were 0.848 (0.784–0.912), 0.826 (0.757–0.894) and

0.820 (0.749–0.892), respectively, after adjustment for

model 2 (Figure 2B, Table 4).

Relationship between APTT and 30-day

mortality
The filtered variables were further evaluated by Cox regres-

sion analysis (Table 5). The results showed that APTT was

an independent predictive factor of 30-day mortality. The

adjusted OR of model 1 was 1.065 (1.025–1.107, p=0.001)

and that of model 2 was 1.061 (1.023–1.102, p=0.002). PLT

had statistical significance only after adjustment for model

2 (OR=0.990, 95% CI 0.981–0.998, p=0.016). The patients

were categorized into a High APTT group and a Low APTT

group based on the median APTT (46.8 s). Kaplan-Meier

curve analysis indicated that the High APTT group had a

significantly higher 30-day mortality than the Low APTT

group (Figure 3A). Moreover, the patients were categorized

into four groups based on the interquartile range of plasma

APTT levels (Q1, APTT ≤39.8 s; Q2, 39.8 s < APTT

≤46.8 s; Q3, 46.8 s < APTT ≤53.3 s; Q4, APTT >53.3 s).

The 30-day mortality rates were 20% in Q1, 24% in Q2,

31% in Q3 and 53% in Q4. Histogram analysis indicated

that the longer the plasma APTTwas, the higher the risk of

30-day mortality (Figure 3B).

Discussion
In the present study, the activation of the coagulation

system was observed in both the AKI and nonsurvivor

groups. Using multivariable logistic regression analysis,

we found that APTT, PT and D-dimer level on admission

to the ICU were significant risk factors for AKI. Moreover,

multivariable Cox regression analysis showed that

Table 1 Baseline characteristics

Parameters All (n=138)

Demographic data

Age (y), median (IQR) 69.0 (57.0–80.0)

Male sex, n (%) 85 (62)

Admission status data

Source of intra-abdominal infection

Gastroduodenal disease, n (%) 58 (42)

Biliary disease, n (%) 30 (22)

Colorectal disease, n (%) 21 (15)

Ileocecal and appendiceal disease, n (%) 15 (11)

Abdominal abscess, n (%) 9 (7)

Severe acute pancreatitis, n (%) 5 (4)

Comorbidities

Hypertension, n (%) 55 (40)

CCI, median (IQR) 1.0 (0.0–2.0)

Data for the first 24 hrs in the ICU

SOFA score, median (IQR) 10.0 (8.0–12.0)

APACHE II score, median (IQR) 19.5 (14.0–25.0)

Cumulative fluid balance (mL), median

(IQR)

5827.5 (4795.0–

7220.0)

Primary outcomes

No AKI, n (%) 73 (53)

Maximum AKI stage during ICU stay, n (%)

Stage 1 18 (13)

Stage 2 29 (21)

Stage 3 18 (13)

Death within 30 days, n (%) 44 (32)

RRT, n (%) 31 (22)

Ventilation duration (days), median (IQR) 4.4 (2.0–10.0)

Length of ICU stay (days), median (IQR) 6.1 (2.9–13.7)

Abbreviations: CCI, Charlson Comorbidity Index; SOFA score, Sequential Organ

Failure Assessment score; APACHE II score, Acute Physiology and Chronic Health

Evaluation II score; AKI, acute kidney injury; RRT, renal replacement therapy; ICU,

intensive care unit.
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prolonged APTT was independently associated with high

mortality in patients with septic shock caused by IAI.

Previous evidence has shown that platelet activation

plays an important role in sepsis and is associated with

MOF.19,21 Thrombocytopenia has been associated not only

with coagulation mediators but also with bone marrow

suppression in sepsis.19,28 Whether coagulative biomarkers

can predict the development of septic AKI remains

unclear. Recently, Katayama et al studied the interactive

connection between sepsis-induced AKI and several

biomarkers of endothelial injury and the coagulation

system.24 The authors used univariable analysis to show

that PT and PLT were associated with the development of

AKI in patients with sepsis, which was consistent with our

findings. However, APTT and D-dimer level were not

included among the biomarkers of the coagulation system

in their study. SAC correlates not only with the develop-

ment of AKI but also with an increased risk of mortality.29

Benediktsson et al showed that prolonged APTT and PT at

the time of ICU admission was associated with increased

mortality in sepsis patients, without evaluating the rela-

tionship between D-dimer level and mortality.30 Compared

with the existing literature, the current data further con-

cluded that PT, APTT and D-dimer level were significantly

associated with the development of AKI in patients with

septic shock. Moreover, our finding showed that APTT on

admission to the ICU was an independent predictor of the

exacerbation of septic AKI and provides further evidence

of the usefulness of APTT as a biomarker of mortality.

Severe infection induces and aggravates endothelial

injury and initiates the intrinsic coagulation pathway

through the consumption of coagulation factors.

Lipopolysaccharide (LPS) or bacteria can directly trigger

the upregulation of tissue factor (TF) in circulating mono-

cytes, which aggravates the endothelial injury of vascular

organs and comes into contact with blood when the

endothelium is injured.31 The extrinsic coagulation path-

way, considered as the initiator of the coagulation system,

is triggered by the TF/factor VIIa complex, which plays a

pivotal role in the initiation of thrombin generation. Due to

the destruction of endothelial integrity, FXIIa can initiate

the intrinsic pathway of thrombin generation by activation

of coagulation factor XI.16,32 Furthermore, cross-talk and

feedback occur between the extrinsic pathway and intrin-

sic pathway. Sepsis-induced activation of the coagulation

system is initiated by the extrinsic pathway and amplified

by the intrinsic pathway via the cross-talk and feedback

loop.33 PT and APTT are used to evaluate the extrinsic andT
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intrinsic coagulation pathways, respectively. The present

study indicated that SAC is hypocoagulable based on the

prolonged PT and APTT on ICU admission in patients

with septic AKI. PT, APTT and D-dimer level may be

the most commonly measured biomarkers of coagulation

in the clinic. However, the role of coagulopathy in sepsis-

induced AKI remains poor owing to the lack of detailed

information from biopsies or autopsies. Additional large

studies still need to be conducted to explore the pathophy-

siology and improve the prognosis in patients with sep-

tic AKI.

Our findings have several implications for clinicians.

First, for patients with septic shock, early monitoring and

intervention are crucially important. Therefore, we should

strengthen the monitoring of renal function to prevent the

development of septic AKI among patients who have

prolonged APTT and PT and an increased D-dimer level

at the time of ICU admission. Second, patients with SAC

accompanied by AKI can receive RRT to contribute to the

recovery of renal function and reduce mortality.34,35 With

effective intervention and treatment, we can slow the

deterioration of renal function, shorten the stay in the

ICU and even reduce the waste of medical resources.

Moreover, clinicians may minimize the use of drugs that

impair renal function when the patient appears to be in a

state of hypocoagulability. Third, whether all septic

patients should receive systemic anticoagulation and

when to provide anticoagulation therapy are under

Figure 2 Comparison of the area under the curve (AUC) of coagulative biomarkers for predicting AKI. (A) Comparison of the AUC for APTT, PT, INR and D-dimer level

after adjustment for model 1. (B) Comparison of the AUC for APTT, PT and D-dimer level after adjustment for model 2.

Table 4 The AUC of coagulative biomarkers for predicting AKI after adjustment for baseline characteristics in model 1 or model 2

Coagulative biomarkers AUC 95% CI Sensitivity (%) Specificity (%) Youden Index

Adjusted: model 1

APTT 0.857 0.797–0.918 76.9 80.8 0.577

PT 0.832 0.765–0.898 78.5 72.6 0.511

D-dimer 0.844 0.780–0.909 83.1 75.3 0.584

INR 0.828 0.761–0.895 83.1 69.9 0.530

Adjusted: model 2

APTT 0.848 0.784–0.912 69.2 89.0 0.582

PT 0.826 0.757–0.894 75.4 79.5 0.549

D-dimer 0.820 0.749–0.892 81.5 75.3 0.568

Notes: Model 1 included age, sex, hypertension, CCI, PCT, NT-proBNP, Lac and SOFA score; Model 2 included age, sex, hypertension, CCI, PCT, NT-proBNP, Lac and

APACHE II score.

Abbreviations: APTT, activated partial thromboplastin time; PT, prothrombin time; INR, international normalized ratio; CCI, Charlson Comorbidity Index; PCT, serum

procalcitonin; NT-proBNP, serum N-Terminal pro-brain natriuretic peptide; Lac, serum lactate; SOFA score, Sequential Organ Failure Assessment score; APACHE II score,

Acute Physiology and Chronic Health Evaluation II score.
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debate.36,37 Recently, some studies38,39 have indicated that

heparin therapy was associated with decreased mortality in

patients with sepsis. In contrast, some researchers37,40

have recommended not administering anticoagulation ther-

apy for all patients with sepsis because of the increased

risk of bleeding. At minimum, the study provides labora-

tory evidence that patients in the septic AKI group or

nonsurvivor group were hypocoagulable during the early

stage. These patients may have an increased risk of bleed-

ing if given anticoagulation therapy.

This research also has several strengths. Above all, to

the best of our knowledge, this study is the first to assess

the role of APTT and D-dimer level in the development of

AKI in patients with septic shock and to explore the

relationship between APTT and mortality. Additionally,

the eligibility criteria for our study were rigorous in the

exclusion of patients with atherosclerosis or DVT to

reduce selection bias.

It is important to recognize limitations. First, this was

a single-center retrospective study. Although the sample

was relatively small, the study has important positive

results and clinical significance. The results should be

verified with a large study in the future. Second, not all

the patients had baseline information available. Some

patients’ baseline creatinine levels could be estimated

using the MDRD formula according to the KDIGO

guidelines. However, it eliminated information bias in

the research. Third, at present, global coagulation assays

such as thrombelastography (TEG) and clot waveform

analysis have several advantages compared with tradi-

tional coagulation tests.41 It is unfortunate that TEG

parameters were not tested in every patient because of

their time and effort requirements. Therefore, more

research is needed to explore the potential relationship

among global coagulation assays, organ failure and mor-

tality in critically ill patients. Despite these limitations,

we believe that our findings are important and should

prompt further research to verify our results.

Conclusion
The present study provides new insights into patients with

AKI caused by IAI. By analyzing the patient data, our

study indicated that APTT, PT and D-dimer level on

admission to the ICU were significant predictors of AKI.

Furthermore, APTT on admission to the ICU was an

independent predictor of 30-day mortality.T
ab
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