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ABSTRACT. This clinical study assessed the etiological factors 
implicated in acute kidney injury (AKI). AKI has a complicated etiology 
with many serious complications. Understanding the interactions 
among these factors will help physicians treat patients with AKI. This 
retrospective study analyzed the etiological factors and assessed the 
incidence and outcome of 123 patients with AKI and multiple organ 
dysfunction syndrome. The general conditions, original disease, number 
of organ dysfunctions, type of organ dysfunction, complications, 
score, time, dose of renal replacement therapy, and outcomes were 
recorded. The etiologies of the manifested diseases were complicated. 
The number of injured organs was directly associated with prognosis. 
Cardiovascular dysfunction and cataphora were independently 
associated with a risk of mortality (P < 0.05; odds ratios: 12.44 and 
2.16, respectively). Meanwhile, cardiovascular dysfunction and 
choloplania were independently associated with a risk of irreparable 
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renal function (P < 0.05; odds ratios: 23.64 and 11.59, respectively). 
In summary, the etiologies of the manifested diseases are complex. In 
addition, cardiovascular dysfunction is significantly associated with 
prognosis including survival and the recovery rate of renal function.
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INTRODUCTION

Acute kidney injury (AKI), which clinically manifests as rapid deterioration of renal 
function, is caused by many factors. Oliguria, edema, electrolyte disturbances, and acid/base 
disturbance can occur in serious cases. In China, the incidence of AKI exceeds 5% each year. 
AKI mainly occurs in people aged >60 years. Common causes of AKI include acute and 
chronic nephrosis, psychosocial factors, injury, blood loss, urinary tract stones, prostatic hy-
pertrophy, and tumors. Iatrogenic renal injury is also being given increasing importance. Dur-
ing the diagnosis and treatment of kidney disease, the rate at which AKI develops as a result of 
contrast agent nephrosis is reportedly 8.5% (Okumura et al., 2012). The 2011 KDOQI Guide 
reports that the cause of the disease should be determined first followed by the classification of 
the risk degree and deciding the next therapeutic schedule on the basis of the established cause 
and risk degree (AKI guideline for AKI, 2011). The mortality rate of AKI can be decreased 
if the disease is diagnosed early and treated in a timely manner, and replacement therapy is 
administered at the right time (Sesso et al., 2004; Bagshaw et al., 2006; Basile, 2008; Bentley, 
2011; Kim et al., 2013).

Multiple organ dysfunction syndrome (MODS) is defined as a group syndrome of ≥2 
organ dysfunctions, with failure occurring simultaneously or in sequence after a serious injury 
such as serious disease, trauma, infection, and shock. MODS is a serious emergency that is dif-
ficult to clinically treat and has high mortality. Once MODS occurs, synchronization treatment 
targeting multiple organs often needs to be administered simultaneously. The kidneys are impor-
tant organs for metabolism and discharging toxins. Thus, drug administration is directly limited 
by the damaged function of the kidneys, which affects the treatment effectiveness of MODS.

Moreover, multiple organ failure plays a role in MODS. The mortality of MODS com-
plicated with AKI is high, ranging from 50 to 80% (Metnitz et al., 2002; Bagshaw et al., 2005; 
Huijuan et al., 2007; Friedericksen et al., 2009). AKI is also an independent risk factor induc-
ing MODS (Tonelli et al., 2002). Thus, clinical thinking, analyzing the causes of the disease, 
and adopting intervention methods at an early stage are critical for AKI patients with MODS 
and high-risk factors, and can improve overall prognosis.

Accordingly, this study summarized the characteristics of 123 patients with AKI and 
MODS and analyzed the causes of disease, therapeutic effects, and relevant prognostic factors.

MATERIAL AND METHODS

General data

From December 2008 to September 2011, adult patients were given a definitive diag-
nosis of AKI with MODS at our hospital. The inclusion criteria were as follows: diagnosis of 
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AKI; AKI complicated with MODS; and kidney replacement therapy administered at bedside 
for >3 days (the AKI patient may have already presented MODS at the start of kidney replace-
ment therapy, or MODS may have developed with the progression of AKI). Meanwhile, the 
exclusion criteria were as follows: chronic kidney insufficiency complicated with simultane-
ous organ dysfunctions and multiple organ dysfunctions but without AKI, thus not requiring 
kidney replacement therapy.

The diagnostic criteria for MODS were in accordance with the criteria of Marshall et 
al. (1995). The diagnostic criteria for AKI were based on the diagnostic criteria of the Acute 
Dialysis Quality Initiative (Molitoris et al., 2007) and were as follows: elevated serum cre-
atinine level at 0.3 mg/dL (25 mM) within 48 h; a 50% increase compared with the previous 
level; and/or hypercrinia <0.5 mL·kg-1·h-1 at >6 h with obstructive nephropathy and dehy-
drated state ruled out. Patient prognosis was classified as death or survival. Kidney turnover 
was classified as recovery of kidney function (i.e., survival does not depend on dialysis) and 
non-recovery of kidney function (i.e., survival depends on dialysis). The observation endpoint 
was 30 days after termination of kidney replacement therapy.

This study adhered to the Principles of the Declaration of Helsinki, and the hospital’s 
Ethics Committee approved the study protocol. 

Research method

The following data were recorded: general conditions, results of chemical examina-
tion (i.e., temperature, breathing, heart rate, mean arterial pressure, pO2, serum HCO3- level, 
serum potassium level, serum sodium level, serum creatinine level, packed cell volume, and 
total white blood cell count); diagnosis of primary disease; number, type, and degree of com-
plications in injured organs; dose of kidney replacement therapy and time of maintenance 
therapy; acute physiology and chronic health status (APACHE) II score before and after treat-
ment; and prognostic conditions.

Kidney replacement therapy

For kidney replacement therapy, the filter and main dialyser and pipelines were filled 
with heparin saline in advance. Patients without hemorrhagic tendency were administered 
common heparin for anticoagulation; the first dose was 0.3 to 0.5 mg/kg, and the superaddi-
tion was at 2-10 mg/h. Patients with hemorrhagic tendency were administered low molecular 
weight heparin; the first dose was 2000 to 4000 IU, and the superaddition was at 400 to 800 
IU/h. Patients with severe hemorrhagic tendency and those who underwent surgery were not 
administered an anticoagulant but instead periodically received displacement liquid to rinse 
the filter. A polysulfone membrane was used for dilution and continuous veno-venous he-
mofiltration (CVVH). According to individual patient’s conditions, the duration of bedside 
treatment was 8 to 12 h per day, and 16 to 24 L bicarbonate displacement liquid was infused. 
For patients with high catabolism, bedside treatment was administered continuously for 24 h. 
The displacement liquid was 400 to 2200 mL/h (20 to 32 L/day), and the dialysis dose was 
increased for patients with severely high catabolism.

Statistical analysis

SPSS version 13.0 was used for statistical analysis. The means of 2 samples were 
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compared using Student t-tests. Data are reported as means ± standard error. Logistic regres-
sion analysis was used to analyze the risk factors influencing kidney function recovery, and the 
Cox proportional hazards model was used to analyzed factors influencing survival. The level 
of significance was set at P < 0.05.

RESULTS

Causes of primary disease and general clinical data

The 123 patients included 77 men and 46 women. The mean age was 59.1 ± 17.9 
years. The causes of the primary disease and clinical data are shown in Tables 1 and 2.

Treatment effectiveness and prognosis analysis

After 1 week of CVVH treatment among AKI patients of different stages, the APACHE 
II score decreased significantly in patients with stage I and II AKI. However, the score changes 
were not apparent in patients with stage III AKI (Table 3). 

Among the 123 patients, 89 died (72.36%) and 34 survived (27.6%). Among patients 
with stage I and II AKI, 28 died (51.9%) and 15 recovered kidney function (27.7%). A total of 

Table 1. Causes of primary disease in 123 patients with severe AKI combined with MODS.

Cause of primary disease	 N

AKI after major operation	    23
Renal parenchyma disease	    13
AKI caused by tumor in advanced stage	    11
AKI caused by MODS	    31
AKI caused by infection and pyemia	    18
AKI complicating severe pancreatitis 	    12
AKI caused by trauma and compression syndrome	      6
AKI caused by drugs (including chemotherapeutics)	      9

AKI = acute kidney injury; MODS = multiple organ dysfunction syndrome.

Table 2. Comparison of AKI patients by stage.

Group	 N	 Age	 Gender ratio		                    Serious complications [N (%)]
		  (years ± SD)	 (male/female)

				    Coma	 Mechanical ventilation	 Pressor agent usage

Stage I AKI	     7	 61.3 ± 20.3	 3/4	   2 (28.6%)	   2 (28.6%)	   3 (42.9%)
Stage II AKI	   47	 58.4 ± 19.4	 27/20	 15 (31.9%)	 16 (34.0%)	 16 (34.0%)
Stage III AKI	   69	 63.7 ± 24.4	 36/33	 24 (34.8%)	 22 (31.9%)	 23 (33.3%)

Table 3. Changes in APACHE II scores in severe cases after kidney replacement therapy.

Group			   APACHE II score

	 Before treatment	 1 day after treatment	 3 days after treatment	 7 days after treatment

Stage I/II AKI	 27.8 ± 4.1	 25.3 ± 3.9	 22.2 ± 4.4	 19.1 ± 4.5
Stage III AKI	 26.7 ± 4.8	 27.4 ± 5.7	 25.7 ± 5.3	 25.4 ± 5.8

Data are reported as means ± SD.
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61 patients with stage III AKI died (88.4%), whereas 3 recovered kidney function (4.3%). The 
fatality rate of patients with stage III AKI was significantly higher than that of patients with 
stage I and II AKI. In contrast, the recovery rate of kidney function in patients with stage III 
AKI was significantly lower than that in patients with stage I and II AKI.

The number of organs failing because of complications increased with increasing AKI 
stage. However, the mortality of patients increased with an increasing number of injured or-
gans. The mortality rate of patients with >4 injured organs was 100%. The recovery rate of 
kidney function decreased with an increasing number of injured organs. Kidney function did 
not recover in most patients with >4 injured organs (Table 4).

Table 4. Prognosis of 123 patients with severe AKI combined with MODS.

Number of injured organs	   N	    Deaths	 Recovery of kidney function	 Fatality rate (%)	 Recovery rate of kidney function (%)

2 	   26	     5	 7	   19.2	 26.9
3 	   28	   19	 5	   67.9	 17.9
4 	   39	   35	 4	   89.7	 10.3
5 	   24	   24	 2	 100.0	   8.3
6 	     6	     6	 0	 100.0	   0.0

Risk factors affecting survival rate

The number of injured organs differed significantly between the patients who survived 
and those who died. This difference persisted regardless of cardiovascular system failure (in 
which a pressor agent must be used), the incidence of coma, respiratory failure (in which me-
chanical ventilation must be used), etc. The results of multivariate regression analysis show 
that the incidences of cardiovascular system failure and coma were independently associated 
with a risk of death (Table 5).

Table 5. Factors associated with survival.

	 Regression coefficient	 Standard error	 Wald value	 P	 OR 

Cardiovascular system failure	 2.52	 0.71	 12.55	 0.000	 12.44
Coma	 0.77	 0.36	   4.36	 0.037	   2.16

Factors affecting the recovery rate of kidney function

Cardiovascular system failure, oliguric renal failure, and jaundice were significantly 
associated with the non-recovery of kidney function. The Cox proportional hazards model 
showed that cardiovascular system failure and jaundice were independently associated with 
the recovery of kidney function (Table 6).

Table 6. Factors associated with recovery of kidney function.

	 Regression coefficient	 Standard error	 Wald value	 P	 OR

Cardiovascular system failure	 7.13	 2.99	 5.66	 0.017	 23.64
Jaundice 	 4.06	 2.05	 3.91	 0.048	 11.59
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DISCUSSION

AKI is a critical condition encountered in internal medicine with a high mortality rate if 
combined with MODS (Kierdorf and Seeliger, 1997; Rodríguez et al., 1998). The mortality rate 
of MODS patients with 2 and ≥4 dysfunctional organs is 50 to 60% and nearly 100%, respec-
tively (de Mendonça et al., 2000; Sirvent et al., 2010). Thus, the fatality rate of AKI increases 
and kidney function is more difficult to restore with an increasing number of dysfunctional 
organs. The fatality and recovery rates of kidney function in the present study are concordant 
with internal and published data (Vincent et al., 2004; Abosaif et al., 2005; Okusa, 2010).

In this study, patients were classified into stage I to III AKI (on the basis of kidney 
injury risk, kidney injury, and kidney failure stages) according to the new AKI criteria. The 
prognosis and treatment effectiveness of kidney replacement therapy in patients in different 
stages were analyzed. The fatality rate increased and the recovery rate of kidney function 
decreased with increasing AKI stage. In addition, the treatment effectiveness of continuous 
blood purification also differed to some extent with respect to AKI stage. The scores regard-
ing the severity of cases during treatment showed that treatment was most obviously effec-
tive in patients with stage I and II AKI. Thus, early diagnosis and active continuous kidney 
replacement treatment have significant implications for patients with stage I and II AKI. Early 
diagnosis and treatment can improve the general state of the patient, survival, kidney recovery, 
and prognosis. The different AKI stages, which are based on diagnostic criteria, have direct 
implications on early diagnosis and prognostic judgment for AKI. Prompt kidney replacement 
therapy can effectively prevent and delay the progression of AKI.

Many studies have analyzed the prognostic factors for AKI patients with MODS; how-
ever, given the complicated etiology of AKI and its many associated complications, severe dis-
ease and serious complications are important prognostic factors (Uchino, 2006; Faubel, 2009). 
Uchino et al. (2005) speculate that unfavorable prognosis can be estimated on the basis of age, 
the use of mechanical ventilation, the use of pressor agents to maintain blood pressure, poor 
basic function, and other factors. Similar to the results of Uchino et al., all unfavorable prog-
nostic factors in the present study are related to kidney hypoperfusion. Thus, heart dysfunction 
and low circulation pressure can cause kidney hypoperfusion and AKI. In addition, regression 
analysis indicated that circulatory failure is a common critical factor that results in death and 
kidney injury, which further corroborates the importance of blood flow perfusion in the main-
tenance of kidney function. In this study, the incidence of coma was also a risk factor for death 
in AKI patients, indicating that coma is closely associated with death. Thus, common condi-
tions must be considered when clinically treating patients with severe AKI. Jaundice is another 
unfavorable prognostic factor for kidney function. Given that bilirubin clearance is related to 
kidney function, bilirubin level can be regarded as an evaluative index of kidney function. For 
example, when the bilirubin level increases to that indicative of jaundice, kidney function re-
placement therapy should be adopted eventually. For AKI patients with severe injury in other 
organs, cardiovascular system function should be maintained, and steady blood pressure and 
effective organ perfusion should be ensured. Most previous studies of AKI patients focused on 
indexes of kidney function and observing changes. In addition, analyses of etiology are concen-
trated in previous nephropathic studies. The present study analyzed AKI patients with MODS; 
we retrospectively analyzed the causes of the severe conditions of the patients and obtained 
objective results through regression analysis. The results indicate that circulatory disorders are 
important causes of death and non-recovery of kidney function in patients with severe AKI.
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In summary, for AKI patients with MODS, the cause of the primary disease should 
be actively treated, the degree of pathogenicity should be evaluated accurately, and kidney re-
placement therapy should be administered in a timely manner. For effective kidney replacement 
therapy, cardiovascular system function should be maintained and enabling factors that cause 
continuous congestive heart failure and low blood pressure should be minimized. Furthermore, 
bilirubin should be cleared to prevent and treat other injured organs besides the kidneys.
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