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BACKGROUND: Hospital mortality rates are higher among patients with sepsis-associated acute 
kidney injury (SA-AKI) than among patients with sepsis. However, the pathogenesis underlying SA-AKI 
remains unclear. We hypothesized that the source of infection affects development of SA-AKI. We aim to 
explore the relationship between the anatomical source of infection and outcome in patients with SA-AKI.

METHODS: Between January 2013 and January 2018, 113 patients with SA-AKI admitted to our 
Emergency Center were identifi ed and divided into two groups: those with pulmonary infections and 
those with other sources of infection. For each patient, we collected data from admission until either 
discharge or death. We also recorded the clinical outcome after 90 days for the discharged patients.

RESULTS: The most common source of infection was the lung (52/113 cases, 46%), followed 
by gastrointestinal (GI) (25/113 cases, 22.1%) and urinary (22/113, 19.5%) sources. Our analysis 
showed that patients with SA-AKI had a significantly worse outcome (30/52 cases, P<0.001) and 
poorer kidney recovery (P=0.015) with pulmonary sources of infection than those infected by another 
source. Data also showed that patients not infected by a pulmonary source more likely experienced 
shock (28/61 cases, P=0.037).

CONCLUSION: This study demonstrated that the source of infection infl uenced the outcome 
of SA-AKI patients in an independent manner. Lung injury may influence renal function in an as-
yet undetermined manner as the recovery of kidney function was poorer in SA-AKI patients with a 
pulmonary source of infection.
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INTRODUCTION
Sepsis has been described as the most common 

disease among critically ill patients.
[1]

 Furthermore, 

severe sepsis is recognized as one of the leading causes 

of acute kidney injury (AKI);
[2]

 this is an important 

clinical problem as AKI significantly increases the risk 

of mortality among patients with sepsis.
[3]

 While research 

has attempted to determine the severity of this condition 

in order to treat patients appropriately, little is known 

about how the anatomical site of infection related with 

clinical outcomes in sepsis-associated (SA)-AKI patients.
[4,5]

The Sepsis 3.0 criteria define sepsis as a life-

threatening organ dysfunction caused by dysregulation 

in a host’s response to infection.
[6]

 In other words, the 

primary driver of mortality in sepsis is the systemic 

infl ammatory response, and this response is triggered by 

uncontrolled infection arising from a specifi c anatomical 

source, which may infl uence the progression and clinical 

outcome of sepsis.
[7] 

Previous studies
[8-10]

 have investigated the independent 

role of the anatomical site of infection with regard to 

mortality caused by sepsis, but with varying findings. 

SA-AKI patients have a high risk of mortality; previous 

studies
[5,7,11,12]

 have shown that the most common source 
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of infection is the lung, followed by the gastrointestinal 

and urinary tracts. Studies
[13,14]

 also indicate that severe 

lung infection can induce acute lung injury (ALI) or 

acute respiratory distress syndrome (ARDS); these 

conditions are both directly associated with AKI.

As previous studies
[15,16]

 were unable to reach a 

defi nitive conclusion, we hypothesized that the variations 

in the outcome in SA-AKI patients with sepsis can be 

explained, at least partly, by the anatomical source of 

infection. The study aims to explore the relationship 

between the anatomical source of infection and the 

outcome of SA-AKI patients.

METHODS
Study design, setting, and patient population

This was a retrospective study carried out in a single 

center and was supported by Xinhua Hospital, Shanghai 

Jiaotong University and the study complies with the 

Declaration of Helsinki. The requirement for ethical 

approval was waived due to the retrospective nature of 

this study.

Between January 2013 and January 2018, we 

identified 113 patients who were admitted to our 

Emergency Center with the diagnosis of sepsis and SA-

AKI. We reviewed epidemiological literature related to 

infections among patients receiving intensive care and 

identified the four most common sites of infection,
[17-20]

 

accounting for 90% of infections in patients with sepsis.
[17]

 

Evidence showed that the lungs were the primary source 

of such infections. Consequently, we divided the 113 

patients into two groups: those with pulmonary infections 

and those without. 

Our inclusion criteria were as follows: age >18 

years; patients presenting in the first 48 hours of septic 

shock and developing AKI (Kidney Disease Improving 

Global Outcomes [KDIGO] stage 2 or 3, as defined by 

KDIGO criteria
[21]

); patients with a definite source of 

infection, as judged by medical records; and provision 

of informed consent (either by the patient or a person 

with appropriate responsibility for the patient). Patients 

were excluded if they had a diagnosis of AKI that was 

not associated with sepsis, if they had received treatment 

for AKI prior to admission, or if they had pre-existing 

diseases that required maintenance treatments, including 

renal replacement treatment (RRT) or previous RRT.

Data collection

All data were collated by trained research nurses 

and clinical doctors using a standardized and pilot-

tested data form. Data were collated from admission 

until either hospital discharge or death. For those 

who were discharged, we collated data relating to the 

clinical outcome 90 days after admission. Our dataset 

was structured into three main components: admission, 

hospitalization, and outcome. 

A range of data was collated from the time of 

admission, including the sources of infection, sex, age, 

urea creatinine, Acute Physiology and Chronic Health 

Evaluation (APACHE) II, Sepsis-Related Organ Failure 

Assessment (SOFA) score, laboratory blood analyses 

over the first 24 hours, and the presence of basic 

diseases, including atrial fibrillation (AF), deep-vein 

thrombosis (DVT), chronic heart failure (CHF), chronic 

obstructive pulmonary disease (COPD), and chronic 

kidney disease (CKD). With regard to the hospitalization 

period, we noted whether there was any evidence of 

shock and whether RRT was used, and we recorded PaO2 

and PaO2/FiO2 data. Finally, we collected a range of 

outcome data. Our primary endpoint was death within 

90 days of admission; the number of patients who died 

during hospitalization or after discharge was recorded. In 

addition, data related to renal recovery in 90 days after 

admission (as the secondary endpoint), as evidenced by 

the serum levels of creatinine and urea at discharge or 

at the last assessment, APACHE II scores, and SOFA 

scores, were collected. All data retrieved from medical 

records were checked by two or more researchers to 

ensure quality and consistency.

Key defi nitions

Sepsis

Sepsis was defi ned by the Sepsis 3.0 criteria,
[6] 

which 

is based on the SOFA or quick SOFA assessment data. 

AKI

AKI was defined and classified according to the 

KDIGO criteria during the first 24 hours after the 

diagnosis of sepsis, as described previously.
[21]

 If a 

patient was diagnosed with AKI after admission, his/her 

serum creatinine level upon admission was used as the 

baseline value. 

Renal recovery at 90 days post-admission 

In the 90-day evaluation of renal function, we 

introduced the concept of acute kidney disease (AKD), 

which refers to disease progression in patients 7–90 days 

after the onset of AKI.

According to the Acute Dialysis Quality Initiative 

(ADQI)
[22] 

for the diagnosis and staging of AKD, phase 
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0 corresponds to a creatinine level lower than 1.5 times 

that of the baseline with or without sustained renal injury, 

repair, and regeneration. In phase 3, the creatinine value 

is increased to 353.6 μmol/L, or RRT is initiated.

In this study, we conducted a review for the 

patients in 90 days. If the renal function of the patient 

corresponding to AKD 0 criteria, it was considered as 

“full renal recovery”; if that corresponding to AKD 3 

criteria was considered as “non-recovery”. 

For patients whose baseline of creatinine was 

unknown, we considered 1.5 times the high-normal value 

(144 μmol/L) as the cut-off point. For example, when the 

serum creatinine level was lower than 144 μmol/L, the 

kidney function was considered as “full recovery” (AKD 

0 phase). When serum creatinine level was higher than 

144 μmol/L and less than 353.6 μmol/L, it was considered 

as “partial recovery”. However, when the creatinine 

levels of patients were more than 353.6 μmol/L or still 

relied on RRT, it was considered as “non-recovery”. The 

renal recovery judgement for dead patient was determined 

by the last serum creatinine level before death.

Statistical analysis

In total, 113 patients were recruited and divided into 

two groups according to the site of infection. We then 

compared the baseline data between the two groups, 

including sex, age, underlying diseases, therapies 

received during hospitalization, and indications for 

discharge. Outcomes such as 90-day mortality and renal 

recovery were also compared. Binary logistic regression 

was used to identify independent factors, which could 

influence outcomes. Cumulative mortality rates and 

survival curves were calculated according to the Kaplan-

Meier method. Complete and partial recovery of kidney 

function were analyzed using particular standards (as 

described in 2.3.3), and analysis of variance (ANOVA) 

was used to compare all other secondary endpoints. 

To take a more personalized and accurate approach to 

describe the recovery of renal function in our patients, 

especially for those with CKD, serum creatinine and 

urea nitrogen values at the time of initial diagnosis 

with AKI were compared with those at discharge or 

death using paired samples; the t-test was used to 

analyze the recovery of renal function. Student’s t-test 

was used to compare independent variables, while 

the χ
2
 test, or Fisher’s exact test, was used to compare 

categorical variables. Wilcoxon’s rank sum test was 

used to analyze ranked data, while paired sample t-tests 

were used to analyze the recovery of renal function. 

Cumulative survival rate was calculated using a life 

table. Data were expressed as mean ± standard deviation 

(SD). P values for all outcomes were two-sided, and 

values < 0.05 were considered to indicate statistical 

signifi cance. 

All statistical analyses were performed using 

the SPSS software, version 24 (IBM Corp. Released 

2016, IBM SPSS Statistics for Windows, Version 24.0. 

Armonk, NY: IBM Corp.).

RESULTS
Baseline data

Of the 113 patients included in our analysis, 52 

(46%) experienced sepsis induced by pulmonary 

infection, 25 (22.1%) by gastrointestinal infections, 

22 (19.5%) by urinary tract infections, 4 (3.5%) by 

blood infections, and 10 (8.8%) from other sources 

of infections. The most common source of infection 

in SA-AKI patients was the lungs, followed by the 

gastrointestinal tract and urinary tract.

According to the site of infection, the 113 patients 

were assigned into one of two groups: a pulmonary 

group (PG, n=52) and an “other” sources group (OG, 

n=61); the OG group was further subdivided into four 

components (genitourinary, gastrointestinal, blood, and 

others). The differences between these two groups were 

then compared. 

The patient population had several underlying 

diseases, including atrial fi brillation (AF, n=12, 10.6%), 

DVT (n=6, 5.3%), CHF (n=32, 28.3%), cardiovascular 

disease, including acute coronary syndrome (n=4, 

3.5%) and coronary atherosclerotic heart disease (n=21, 

18.6%), hypertension (high blood pressure, n=71, 

62.8%), diabetes mellitus (n=42, 37.2%), and CKD 

(n=18, 15.9%).

The t test comparisons between the OG and PG 

groups with respect to underlying diseases are shown in 

Figure 1; these data showed that the morbidity associated 

with CKD and CHF was significantly different when 

compared between the groups (P=0.015 for CKD and 

P=0.027 for CHF). 

We also collected other baseline data, such as age, 

sex, routine blood test results, SOFA and APACHE II 

scores on admission and discharge, ICU treatments (e.g., 

RRT), mortality rate, times of death, and renal recovery 

90 days after ICU admission (Table 1). 

Table 1 shows that the overall mortality rate was 

38.9%, which was slightly lower than that reported in 

other studies
[1,13,14]

 involving SA-AKI patients, but still 

higher than the mortality rate for sepsis or AKI patients, 
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Figure 1. Comparisons between the OG and PG groups with respect to underlying diseases. OG: other sources infection group; PG: pulmonary 
infection group; AF: atrial fi brillation; DVT: deep-vein thrombosis; CHF: chronic heart failure; ACS: acute coronary syndrome; CAD: coronary 
atherosclerotic heart disease; HBP: high blood pressure; DM: diabetes mellitus; CKD: chronic kidney disease; **: using χ

2
 test, means P<0.1; ***: 

using χ
2
 test, means P<0.05.

respectively.
[1,23-26]

 To make our study more rigorous, we 

only included patients who met the criteria of KDIGO 

2 (n=50) or KDIGO 3 (n=63). Until either discharge 

or death, 52 patients (46%, n=113) experienced full 

recovery of renal function. Compared with the overall 

mortality rate of 38.9%, this may demonstrate that the 

overall situation of our patients seemed better than that 

reported in other study.
[27] 

Table 1. Baseline data

Variables Counts Mean±SD Median Percentage in total patients (n=113)

Age(year)   72.49±12.25 74.00
Age group (n)
  ≤60 15 13.3
  >60, <80 60 53.1
  ≥80 38 33.6
Gender (n)
  Male 63 55.8
  Female 50 44.2
Blood routine tests
  WBC (×10

9
)   15.49±7.91   15.30

  Percent of the lymphocytes (%)     6.46±5.09     5.10
  Percent of the neutrophil (%)   87.60±8.22   89.80
  NLR   24.07±20.57   18.00
  PLT (×10

9
) 128.11±75.49 123.5

APACHE II on admission     19.96±7.10   20
SOFA on admission     7.14±3.75     6
KDIGO (n)
  KDIGO 2 50 44.2
  KDIGO 3 63 55.8
  RRT 38 33.6
Death (n) 44 38.9
Death time (n=44)   15.11±18.03     9.5
Renal recovery at 90 days from ICU admission (n)
  Full recovery 52 46
  Partial recovery 35 31
  Non-recovery 26 23

WBC: white blood cell; NLR: neutrophil to lymphocyte ratio; PLT: blood platelet; APACHE: Acute Physiology and Chronic Health Evaluation; 
SOFA: Sepsis-Related Organ Failure Assessment; KDIGO: Kidney Disease: Improving Global Outcomes; RRT: renal replacement treatment; 
ICU: intensive care unit.
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Lung function and renal recovery 

We found  tha t  PaO 2 and  PaO 2/F iO 2 dur ing 

hospitalization differed significantly when compared 

between the two groups; values for these parameters 

were lower in the PG group owing to severe pneumonia 

occurring in the PG group (Figure 4).

In terms of renal recovery, we fi rst divided the group 

into three using the standards previously described in 

the methods section. Then, we used the Wilcoxon’s rank 

sum test to analyze differences between the OG and PG 

groups (P<0.001) (Figure 5).

Serum levels of creatinine and urea nitrogen at the 

time of AKI diagnosis and at the time of discharge or 

death were recorded. On comparison of the two groups 

of patients with regard to renal recovery (paired sample 

t-test), the OG and PG groups differed greatly with 

respect to serum creatinine (P=0.001 and P=0.139, 

respectively) and urea nitrogen (P=0.001 and P=0.2, 

respectively) (Figure 6). 

To rule out the effects of different RRT upon renal 

function recovery during admission, we also performed the 

χ
2
 test to compare RRT across the two groups. This test failed 

to reveal any signifi cant difference between the two groups 

(P=0.645); consequently, there was no apparent effect of 

RRT, thus excluding its effect upon the recovery of renal 

function. It is evident that patients in the PG group not only 

had worse outcome (mortality rate and time of death), but 

also were associated with poorer recovery of renal function.

Binary logistic regression model and cox 

regression model

Additional analysis identified further statistical 

differences between the two groups. White blood cell 

Mortality rate 

The PG group was associated with significantly 

worse outcomes than the OG group, including the 90-day 

mortality rate (P<0.001) and recovery of renal function 

(P=0.015). ANOVA was used to compare mortality rates 

across the four groups (pulmonary group, genitourinary 

group, gastrointestinal group, and others). Analysis 

showed that outcomes differed signifi cantly according to 

the site of infection (Figure 2). 

We also recorded the time of death of each deceased 

patient. Figure 3 shows survival curves for the OG and 

PG groups. It was clearly evident that patients in the PG 

group were associated with higher mortality in the early 

stages (until approximately day 30); thereafter, curves 

derived from the OG and PG groups were similar (Figure 3).

 On comparing the outcomes using the t-test and χ
2
 test 

between the two groups (Table 2), a signifi cant difference 

in 90-day mortality rate (P<0.001), as well as renal 

recovery (P=0.015), was found between the two groups.

Table 2. The outcome results between the OG and the PG

Variables OG (n=61) PG (n=52) P

90 days death (n) 14 30 <0.001
Death time (days) 12.50±15.98 (n=14) 16.33±19.04 (n=30)   0.518
Renal recovery (n)   0.015
  Full recovery 34 18
  Partial recovery 19 16
  Non-recovery   8 18
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count (WBC) was significantly higher in the OG group 

than that in the PG group. The neutrophil to lymphocyte 

ratio was also signifi cantly higher in the OG group than 

that in the PG group. Unexpectedly, there were reduced 

levels of shock in the PG group compared to the OG 

group (Table 3). 

Then, we used the indices showing statistical 

differences between the two groups in a binary logistic 

regression model using SPSS (using 0.05 for entry and 

0.10 for removal). The model achieved 71.7% accuracy 

in terms of classifi cation. This model identifi ed only one 

signifi cant variable: the site of infection (P=0.026, odds 

ratio=3.08 [95% confidence interval: 1.146–8.287]). 

This provided strong evidence that a pulmonary source 

of infection could exert a significant influence on the 

outcome of SA-AKI patients.

To further explore the relationship between the site 

of infection and mortality, we used the Cox regression 

analysis by SPSS (using 0.05 for entry and 0.10 for 

removal), and the results showed a strong association 

between pulmonary source of infection and mortality 

(P=0.043, odds ratio=1.352, 95% confidence interval: 

0.625–2.926), after adjustments for SOFA admission 

(P=0.095, odds ratio=1.113), APACHE II admission 

(P=0.801,  odds rat io=1.007) ,  shock (P=0.034, 

odds rat io=2.42),  lymphocyte count  (P=0.029, 

odds ratio=1.08), and platelet count(P=0.717, odds 

ratio=0.999).

DISCUSSION
Our study showed that the most common source of 

infection was the lung (52/113 cases, 46%), followed by 

gastrointestinal (GI) (25/113 cases, 22.1%), and urinary 

(22/113, 19.5%) sources. Our analysis showed that 

Table 3. The comparison of baseline for OG and PG

Variables OG (n=61) PG (n=52) P
Sex (n) 0.057
  Male   29   34
  Female   32   18
Age(±SD)   70.75±12.85   74.52±11.28 0.104
Urea on admission (mmol/L)   22.48±13.65   20.39±10.23 0.365
Creatinine on admission (μmol/L) 341.53±227.83 271.07±155.08 0.062
APACHE II on admission   19.10±6.85   20.96±7.32 0.166
SOFA on admission     7.16±3.49     7.12±4.06 0.946
Blood routine tests
  WBC (×10

9
)   16.85±8.18   13.88±7.32 0.046

  Percent of the lymphocytes (%)     6.36±5.84     6.59±4.10 0.806
  Percent of the neutrophil (%)   87.94±8.71   87.20±7.66 0.637
NLR   28.50±24.7   18.85±12 0.01
PLT (×10

9
) 116.72±72.73 141.25±77.16 0.086

Shock (n) 0.037
  No   33   38
  Yes   28   14

APACHE: Acute Physiology and Chronic Health Evaluation; SOFA: Sepsis-Related Organ Failure Assessment; WBC: white blood cell; NLR: 
neutrophil to lymphocyte ratio; PLT: blood platelet.

Figure 4. Comparison of PaO2 and PaO2/FiO2 between OG and PG 
groups.
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patients with SA-AKI had a signifi cantly worse outcome 

(30/52 cases, P<0.001) and poorer kidney recovery 

(P=0.015) with pulmonary sources of infection than 

those infected by another source. Data also showed that 

patients who were not infected by a pulmonary source 

more likely experienced shock (28/61 cases, P=0.037).

Generally, pulmonary and gastrointestinal infections 

are two of the most common causes of sepsis,
[28-30]

 

and the mortality rate associated with these sources of 

infection can be over 60%, higher than that for other 

sources of infection-induced sepsis.
[4,25,26]

 One of the 

most dangerous complications of septic shock is AKI, 

which occurs in approximately 50% of patients, with a 

mortality rate of about 60% at 3 months.
[3,31]

 A previous 

study
[3]

 showed that the mortality rate was notably 

higher in SA-AKI patients than that in patients with 

AKI or sepsis alone.
 
The specific characteristics and 

pathogenesis of sepsis induced by pulmonary infection 

have been described previously, although there are few 

published studies
[4,5]

 in this area. In the present study, the 

outcomes of SA-AKI patients with pulmonary infection 

were signifi cantly worse (P<0.001). 

We consider that our results might be related to the 

common occurrence of ALI/ARDS in severe lung infections, 

as described in a previous study.
[7] 

Moreover, the close 

relationship and interaction between ALI/ARDS and AKI 

can lead to a worse outcome among patients.
[13,14,26]

 The 

high mortality rate of SA-AKI patients who developed 

ARDS and lung infections in our study concurred with 

previously published data;
[25,26] 

12 of the 17 patients 

experiencing this combination of factors died (12/17; 

70.6%, n=51). This rate was higher than that for SA-AKI 

patients, which was 41.1%, 53.9%, and 66.3% for the 

AKI subtypes I, II, and III, respectively, as classifi ed by 

KDIGO.

 It was evident that our patients with pulmonary 

infection showed hypoxemia and lower oxygenation 

index (212.92 mmHg in the PG group vs. 255.62 

mmHg in the OG group, P=0.022). These conditions 

directly lead to the increasing possibility of the patient 

receiving mechanical ventilation; this may induce 

acute tubular necrosis (ATN) and worsen the outcome.
[32] 

Worse still, the adverse effects of mechanical ventilation 

may be further complicated by reduced cardiac output 

induced by high intrathoracic pressure. However, such 

detrimental effects are not limited to the lung and can 

induce a systemic inflammatory response.
[33] 

Several 

evidences now indicate that biotrauma induced by 

mechanical ventilation not only affects the lung but also 

leads to further systemic infl ammation and organ dysfunction 

via the release of inflammatory cytokines.
[7,26,34-36]

 These 

factors, therefore, provide an explanation, at least in part, of 

why patients with a pulmonary source of infection have 

poorer outcomes.

Further, we found that in the OG group, SA-AKI 

patients were associated with a poorer renal recovery. 

ALI/ARDS often occurs with severe lung infections. A 

large body of evidence now indicates that AKI is closely 

related to ALI and that AKI is an extrapulmonary factor 

of ALI/ARDS. Previous studies
[13,14]

 also documented 

the role of cytokines and inflammatory mediators in 

AKI/ARDS caused by AKI. We believe that once 

sepsis patients with pulmonary source of infection are 

complicated by kidney damage, they will have a poorer 

recovery of kidney function. 

Our study has yielded a useful new concept, that is, 

among patients with SA-AKI, the initial anatomy of the 

sepsis has an important effect on patient outcome. We 

also found that the recovery of renal function in patients 

with pulmonary infection was significantly worse than 

that among patients with other sources of infection. This 

provides a new direction for clinical research and has 

special guiding signifi cance for treatment and prevention.

Despite the novelty and signifi cance of our fi ndings 

for clinical translation, several limitations should be 

considered. First, this was a retrospective study of a 

relatively small number of patients from a single center. 
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Second, given our small sample size, we focused on 

the outcomes of patients with pulmonary infection and 

ignored patients with other sources of infection. Further 

studies are needed to verify our results. 

CONCLUSION
Our study demonstrates that patients with SA-AKI 

induced by pulmonary infection have signifi cantly poorer 

outcomes and unique pathophysiological mechanisms 

and characteristics. Furthermore, lung infection 

influences the clinical outcome in an independent 

manner. This study also shows that lung injury may 

affect renal function through unknown mechanisms, 

which also affects the recovery of kidney function in SA-

AKI patients. Consequently, we must pay closer attention 

to these patients and take more effective measures to 

improve their outcome. 
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