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Abstract 

Background Several studies have suggested a causal link between acute kidney injury and the consequent develop-
ment of chronic kidney disease. The severity, frequency, and duration of acute injury are key factors in this process.

Aims This study aimed to determine the epidemiology and outcomes of AKI to CKD transition in critically ill adult 
patients and to study the role of Serpin-A3 in the early recognition of AKI to CKD transition.

Methods In this prospective observational study, a total of 252 patients attending Assiut University Hospitals Critical 
Care Unit and developed AKI during their stay were recruited. Serum and urinary Serpin A3 were measured by ELISA 
Kit. Complete blood picture, kidney function tests, urine analysis, serum electrolytes (serum sodium, potassium, 
calcium, phosphorus, and magnesium), liver function test, coagulation profile, C-reactive protein, 24-h urinary protein 
or urinary albumin/creatinine ratio, abdominal ultrasound were assessed for all the recruited participants. Follow-up 
was done for three consecutive months and after 3 months using serum creatinine, BUN, and serum potassium.

Results It was found that old age is a risk factor for CKD following AKI, i.e., with 1-year increase in the patient’s age, 
there was 3% increase in the chance of transition. Significant association was found between rate of comorbidity 
and transition status. Also, cases with either infection or IV radio contrast exposure were 2.8 and 6.5 times more liable 
for transition. Cases with transition in this study had significantly higher renal function parameters. Higher median 
levels of Serpin A3 either serum or urinary was reported in transition patients. Improvement was reported in two-third 
of those without transition, and higher mortality rate was recorded in those without transition.

Conclusion The frequency of transition was 20%. Older age, male gender, cardiac and CVS disease, the presence 
of infection, higher BUN and creatinine level, higher median K and PO4 levels, and higher median levels of Serpin A3 
are risk factors for transition from AKI to CKD.
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Introduction
Acute kidney injury (AKI) is a life-threatening and disa-
bling complication of critical illness encountered about 
30 to 60% of critically ill patients and is associated with 
acute morbidity and mortality [1]. AKI outcomes may 
vary from a complete resolution to a partial or incom-
plete recovery of renal function leading to increased 
mortality, prolonged hospitalization, and risk of chronic 
comorbidities like cardiovascular disease (CVD), chronic 
kidney disease (CKD), and subsequent progression to 
end-stage renal disease [2]. Several studies have sug-
gested a causal link between AKI and the consequent 
development of CKD. The severity, frequency, and dura-
tion of AKI are key factors in this process [3].

The precise mechanism of transition from AKI to CKD 
is complex and not completely understood, especially in 
humans, and several pathways have been proposed [4–7]. 
Different animal studies have used ischemia–reperfusion 
and nephrotoxic injuries to investigate the pathophysi-
ologic event involved in AKI to CKD transition, focusing 
on the development of specific histological changes [8].

The outcome of AKI depends upon the balance of 
adaptive and maladaptive repair. An adaptive response 
to injury usually leads to renal recovery with a complete 
resolution of pathological changes during AKI episode 
(resolution of inflammatory cell infiltration, regeneration 
of tubular cells, decrease in biomarkers of injury) with-
out long-term consequences [9]. However, severe and 
repeated injury can result in a maladaptive repair, char-
acterized by a permanent reduction in kidney function 
associated with significant structural changes [10].

Serpins are a family of serine protease inhibitors. 
Thirty-four serpins from 9 classes have been identified 
and characterized in humans to date; within these pro-
teins is the serpinA3/alpha-1-antichymotrypsin (serine 
proteinase inhibitor, class A, member 3), whereas the 
homologous for rodents are serpinA3k [11]. SerpinA3 
has been involved in different pathologies such as hyper-
tension, inflammation, and angiogenesis [12]. However, 
little is known about the specific role of serpinA3 in the 
renal pathophysiology. One study showed increased ser-
pinA3 staining in the proximal renal tubules in biopsies 
from a variety of primary and secondary glomerulone-
phritis, such as minimal-change disease (MCD), FSGS, 
diffuse mesangial proliferative glomerulonephritis, mem-
branous glomerulonephritis (MGN), diabetic nephropa-
thy, IgA nephritis, and LN compared to normal renal 
tissues [13]. As regard the expression of uSerpinA3 in 
human renal diseases. studies showed that uSerpinA3 is 
not detectable in healthy volunteers, but it increases in 
kidney diseases from different etiologies: LN, focal and 
segmental glomerulosclerosis (FSGS), and ANCA asso-
ciated vasculitis (AAV). In LN patients, uSerpinA3 levels 

were found elevated in severe classes III/IV LN that are 
usually associated with greater kidney fibrosis, and less 
elevated, in the less inflammatory class V LN that usually 
carries better prognosis [14]. Studies showed that uSer-
pinA3 is an early and effective biomarker for the detec-
tion of renal injury, with a great potential to be used in 
the diagnosis of the AKI to CKD transition and CKD 
from different etiologies [15].

The current study aimed to determine the frequency, 
risk factors, and outcomes of transition of AKI to CKD in 
critically ill adult patients and to study the role of serpin-
A3 in the early recognition of AKI to CKD transition.

Patients and methods
In this prospective observational study, a total of 252 
patients attending Assiut University Hospitals Critical 
Care Unit and developed AKI, according to KDIGO cri-
teria, were recruited.

Inclusion criteria were patients attending Assiut Uni-
versity Hospital’s Critical Care Unit and developing AKI 
during their stay. On the other hand, patients younger 
than 18  years or older than 80  years of age, preexisting 
CKD, ESRD prior ICU admission, and pregnancy were 
excluded.

Procedure
All patients were subjected to the following:

 I. Full history taking
 II. Thorough clinical examination
 III. The following investigations were carried out at 

admission: Complete blood picture, kidney func-
tion tests (KFT) (serum creatinine, blood urea 
nitrogen), urine analysis, serum electrolytes (serum 
sodium, potassium, calcium, phosphorus, and 
magnesium), liver function tests (ALT, AST, serum 
albumin), coagulation profile, C-reactive protein, 
24-h urinary protein or urinary albumin/creatinine 
ratio according to availability in hospital, abdomi-
nal ultrasound (kidney size, length, echogenicity, 
cortical thickness, differentiation between cortex 
and medulla, obstruction, IVC collapsibility index, 
renal Doppler) CT chest, echocardiography (LV 
systolic function, diastolic dysfunction, valves mor-
phology, pericardium).

Serum and urinary Serpin A3 which were done after 
the onset of AKI (was assessed by Human Serpin A3 
ELISA Kit: Sandwich ELISA detection Sinogeneclon Bio-
tech Co. Ltd. catalog no.: SG_13672).

Follow-up was done for three consecutive months and 
after 3 months using serum creatinine, BUN, and serum 
potassium.
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Statistical analysis
IBM-SPSS 24.0 (IBM-SPSS Inc., Chicago, IL, USA) was 
used for data processing [16]. Means, standard devia-
tions (SD), median, ranges, frequency, and percentages 
were calculated. Normality of continuous variables was 
tested using Kolmogorov–Smirnov test. Chi-square/
Fisher’s exact test was used to compare the differences 
in distribution of frequencies among different groups. 
Student t-test/Mann–Whitney U analysis was carried 
out to compare the means/medians of dichotomous 
data. Paired sample t-test was carried out to compare 
the means of repeated data measurements. Multivariate 
logistic regression analysis was calculated to investigate 
the significant predictors of transition of AKI to CKD 
(odds ratio (OR), 95% confidence interval (95% CI), and 
p-value). ROC curve was depicted in the diagnostic per-
formance of biomarkers for prediction of transition and 
analyzed as area under the curve (AUC), standard error 
(SE), and 95% CI. Validity statistics were calculated. 
Spearman ranked correlation was used to examine the 
univariate correlation between serpin levels and other 
laboratory parameters. A significant p-value was consid-
ered when it is > 0.05.

Ethical consideration
IRB approval was obtained from the Medical Ethi-
cal Committee, Faculty of Medicine, Assiut University 
(IRB no. 17101011). Trial registration was prospectively 
undertaken at ClinicalTrials.gov (NCT04101110). The 
study was carried out in accordance with the Helsinki 
Declaration guidelines [17] and in line with STROBE 
checklist for research ethics [18]. The title and objectives 
of the study were explained to them to ensure their coop-
eration. A written informed consent was obtained from 
the patient before the participation in the study. All col-
lected data was confidential and was used for the purpose 
of scientific research only. Every research participant had 
the complete right and freedom to withdraw at any time 
from the study without any consequences on the medical 
service provided.

Results
This study was performed in the Critical Care Unit at 
Assiut University Hospitals. Two-hundred and fifty-two 
patients developing AKI during their stay at hospital 
were recruited to determine the epidemiology, risk fac-
tors, and outcomes of transition of AKI to CKD and fol-
lowed up for 3 months. Incidence of transition from AKI 
to CKD among the studied population was 20.2%.

As shown in Table  1, patients with transition of 
AKI to CKD were significantly (p = 0.005) older 
(63.8 ± 13.9  years) than those without transition 

(56.3 ± 17.7  years). Moreover, there were significant dif-
ference in sex (p = 0.033). Higher rates of cardiac and 
CVS disease were reported in those with transition (57% 
and 22%) compared with those without (24.4% and 10%) 
(p = 0.001 and 0.024).

Nonsignificant levels of CBC parameters were 
recorded. For renal function test, cases with transition 
had higher median BUN (31 (12–87)) and serum creati-
nine (412 (187–1456) µmol/l) compared with non-tran-
sition group (26 (6–79)), and (412 (187–1456  µmol/l) 
(p = 0.024 and 0.002). Also, those with transition had 
higher median K level (4.5 (1–10) mmol/l) and PO4 level 
(4 (1–10) mg/dl) than non-transition group (4 (1–8) 
mmol/l) and (3 (1–13) mg/dl) (p = 0.049 and 0.002). 

Table 1 Baseline characteristics of the studied cases

* Independent sample t-test was used to compare the differences in mean 
between groups
** Chi-square test was used to compare the frequency differences between 
groups
*** Fisher’s exact test was used to compare the frequency differences between 
groups. Cardiac (acute coronary syndrome, congestive HF, IHD, valvular heart 
disease). Hepatic (liver cirrhosis, hepatic malignancy). Hematological (anemias, 
hematologic malignancy). Endocrinal (thyroid dysfunction)

Transition of AKI to CKD p-value

Negative (n = 201) Positive (n = 51)

Age/years 56.26 ± 17.7 63.84 ± 13.9  = 0.005*
Sex
 • Female 84 (41.8%) 13 (25.5%)  = 0.033**
 • Male 117 (58.2%) 38 (74.5%)

Comorbidity
 • DM 85 (42.3%) 26 (51%)  = 0.264**

 • HTN 75 (37.3%) 25 (49%)  = 0.127**

 • Cardiac 49 (24.4%) 29 (56.9%)  = 0.001**

 • Hepatic 49 (24.4%) 6 (11.8%)  = 0.051**

 • Chest 17 (8.5%) 6 (11.8%)  = 0.464**

 • Hematology 5 (2.5%) 3 (5.9%)  = 0.217***

 • Malignancy 29 (14.4%) 7 (13.7%)  = 0.898**

 • Endocrine 10 (5%) 3 (5.9%)  = 0.749***

 • CVS 20 (10%) 11 (21.6%)  = 0.024**

 • Autoimmune 14 (7%) 1 (2%)  = 0.317***

LHS/days 9.25 ± 1.5 10.29 ± 1.9  = 0.331*

Risk factor
 • Bleeding 33 (16.4%) 11 (21.6%)  = 0.387**

 • Dehydration 65 (32.3%) 12 (23.5%)  = 0.223**

 • Shock 69 (34.3%) 14 (27.5%)  = 0.351**

 • Infection 157 (78.1%) 44 (86.3%)  = 0.195**

 • Drugs 16 (8%) 8 (15.7%)  = 0.093**

 • Contrast 6 (1.5%) 3 (5.9%)  = 0.319***

 • Obstruction 3 (1.5%) 4 (7.8%)  = 0.014**

 • GN 2 (1%) 1 (2%)  = 0.494***

 • Others 22 (10.9%) 4 (7.8%)  = 0.515**
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In contrast, patients with transition had insignificant 
lower mean sodium, calcium, and magnesium than 
those without transition (p = 0.417, 0.123, and 0.598). 
Likewise, lower median total and direct bilirubin levels 
were observed in transition than non-transition patients 
(p = 0.532 and 0.392).

Notably, cases with transition had higher median levels 
of serpin either serum or urinary (169.5 (118–171) and 
150 (114–282)) compared with non-transition group (74 
(57.5–307) and 67 (40.5–147)) (p = 0.015 and 0.005). For 
pus cell number, patients with transition had significant 
(p = 0.001) higher median pus cell number (20 (5–100)) 
compared with non-transition group (12 (1–100)). Also, 
cases with transition had higher percentage of abnormal 
US and echo findings (n = 24 (47%) and n = 29 (57%)) 
compared with non-transition group (n = 79 (39%) and 
n = 67 (33%)), and this association was statistically signifi-
cant (p = 0.048 and 0.002) (Table 2).

Table  3 showed the multivariable logistic regression 
model of the predictors of AKI transition to CKD among 
the studied group. It was found that with 1-year increase 
in the patient’s age, there was 3% (OR = 1.029, p = 0.010) 
increase in the chance of transition. The probability of 
transition was 4.25 times (OR = 4.246, p < 0.001) in car-
diac cases. Likewise, the likelihood of transition was 2.3 
times (OR = 2.331, p = 0.047) in patients with hepatic dis-
ease. Likely, cases with hematological disease were 8.25 
times (OR = 8.246, p = 0.018) more liable for transition.

For risk factors, cases with either infection or IV radio 
contract were 2.8 and 6.5 times (OR = 2.792, p = 0.040 
and OR = 6.549, p = 0.010) more liable for transition. For 
the laboratory data, 1  mg/dl increase in serum creati-
nine was correlated with increase in the chance of hav-
ing transition by 0.2% (OR = 1.002, p = 0.003). Similarly, 
the increase of 1  mg/dl in the level of PO4 was associ-
ated with an increase in the chance of having transition 
by 17% (OR = 1.167, p = 0.035). Likewise, there was 7% 
(OR = 1.070, p = 0.014) rise in the possibility of transi-
tion with every point increase in the level of urinary ser-
pin, and this was statistically significant. Additionally, 
the probability of transition showed 12% (OR = 1.012, 
p = 0.026) increase with every one-cell increase in RBCs 
count. As well, the likelihood of transition was 2.6 times 
(OR = 2.636, p = 0.002) in patients with abnormal US 
finding.

The mean BUN level showed significant (p < 0.001) 
reduction for both groups at follow-up than baseline 
reading. Also, cases with transition had significantly 
higher BUN level both at baseline and at 3-month fol-
low-up compared with non-transition cases (p = 0.001 
and 0.004). Moreover, the mean serum creatinine level 
showed significant (p < 0.001) reduction for both groups 
non-transition and transition at follow-up than baseline 

reading. Between groups, cases with transition had 
insignificantly higher serum creatinine level at base-
line (p = 0.954), while at 3-month follow-up, it was sig-
nificantly higher (p = 0.024). Furthermore, the mean 
potassium level showed significant (p < 0.001 and 0.047) 
reduction for both groups at follow-up than baseline 
reading. For between-group comparison, cases with tran-
sition had significantly higher mean potassium level both 
at baseline and at 3-month follow-up compared with 
non-transition cases (p = 0.049 and 0.001). Improvement 
of AKI was reported in two-third of those without tran-
sition (n = 134 (66.7%)) compared with transition group 
(0%) (p < 0.001). Likely, significantly (p = 0.003) higher 
mortality rate was recorded in those without transition 
(n = 66 (33%)) compared with transition group (n = 6 
(12%)).

Table 4 showed the diagnostic value of the serum and 
urinary serpin level for prediction of transition. Both 
measures had excellent predictive power (AUC  = 0.819 
and 0.882, p = 0.017 and 0.004). For serum serpin and 
using a cut-off value of 117, the validity criteria were as 
follows: 100% sensitivity, 64% specificity, and the test 
had 73.5% precision-positive predictive value (PPV) and 
100% negative predictive value (NPV). Overall, serum 
serpin had 82% accuracy. For urinary serpin and using a 
cut-off value of 113, sensitivity was 100%, specificity was 
68%, and it had 74.5% PPV and 100% NPV with an overall 
84% accuracy (Fig. 1).

Discussion
AKI is part of a variety of functional kidney conditions, 
which are summarized as acute kidney disease (AKD) 
and can range from mild and self-limiting to severe and 
persistent. AKD persisting for > 3 months is referred to as 
CKD [15]. The precise mechanism of transition from AKI 
to CKD is still unclear, especially in humans, and several 
pathways have been proposed [4–7].

This retrospective observational study included 252 
AKI patients. The 3-month epidemiology of transition 
from AKI to CKD was 20.2%. The incidence in Sánchez 
Horrillo et al. study was higher, where after 3-month fol-
low-up, 43% of AKI developed CKD [16]. Bucaloiu et al. 
suggested that 6.6% of patients with complete recovery of 
AKI exhibited a greater risk of death and de novo CKD 
after 2 to 4  years of follow-up [17]. In a retrospective 
study using data from 343 patients who survived an epi-
sode of dialysis-requiring AKI and 3430 matched patients 
without AKI, Lo and colleagues reported a 28-fold 
increased risk of developing advanced CKD following an 
episode of AKI [18].

Although observational studies have consistently 
identified an association between AKI and the develop-
ment of CKD [19], uncertainty remains about whether 
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this relationship is causal or whether it is confounded 
by the presence of other chronic conditions, which are 
themselves risk factors for AKI and CKD. Nonetheless, 

experimental models have demonstrated that AKI can 
result in chronic damage to the kidney parenchyma and 
thereby lead to CKD, suggesting that early intervention 

Table 2 Laboratory investigation results of the studied population

* Independent sample t-test was used to compare the differences in mean between groups
** Mann–Whitney U t-test was used to compare the differences in median between groups
*** Fisher’s exact test was used to compare the frequency differences between groups. $Chi-square test was used to compare the frequency differences between 
groups

Transition of AKI to CKD p-value

Negative (n = 201) Positive (n = 51)

CBC
 Hemoglobin (g/dl) 9.71 ± 2.9 9.22 ± 2.5  = 0.364*

 WBCs*103/l 14 (1–59) 15 (2.5–48)  = 0.350**

 Platelet*103/l 200 (4–1058) 235 (11–500)  = 0.145**

KFT
 BUN (mmol/l) 26 (6–79) 31 (12–87)  = 0.024**
 S. creatinine (µmol/l) 296 (171–1576) 412 (187–1456)  = 0.002**
Blood electrolytes
 Na (mEq/l) 134.47 ± 8.6 133.29 ± 9.1  = 0.417*

 K (mmol/l) 4 (1–8) 4.5 (1–10)  = 0.049**
 Ca (mg/dl) 8.5 (3–11) 8.2 (3–9.5)  = 0.123**

 PO4 (mg/dl) 3 (1–13) 4 (1–10)  = 0.002**
 Mg (mg/dl) 2 (1.1–5.5) 2 (1–5)  = 0.598**

LFT
 AST (U/l) 53 (6–3569) 59 (14–3689)  = 0.479**

 ALT (U/l) 40 (6–4182) 43 (10–3120)  = 0.735**

 Albumin (g/l) 30 (3–129) 31 (19–45)  = 0.060**

 TB (µmol/l) 10 (1–339) 9 (1–132)  = 0.532**

 DB (µmol/l) 6 (0.1–282) 4 (0.4–107)  = 0.392**

Coagulation profile
 PT(s) 16 (11–43) 15.5 (11–34)  = 0.811**

 PC 56 (19–104) 61.5 (21–77)  = 0.858**

 INR 1.5 (1.1–3.9) 1.3 (1.1–3.3)  = 0.447**

Serpin level
 Serum serpin (ng/ml) 74 (57.5–307) 169.5 (118–171)  = 0.015**
 Urinary serpin (ng/ml) 67 (40.5–147) 150 (114–282)  = 0.005**
Urine analysis
 PUS 12 (1–100) 20 (5–100)  = 0.001**
 RBCs 5 (0–100) 5 (1–100)  = 0.954**

Other findings
 • Cast 5 (2.5%) 2 (4%)  = 0.824***

 • Albumin 57 (28.4%) 15 (29.4%)  = 0.882$

 • 24-h protein 14 (7%) 4 (7.8%)  = 0.828***

Imaging
 Abnormal findings
  • U/S 79 (39.3%) 24 (47.1%)  = 0.048$
  • Chest CT 107 (53.2%) 29 (56.9%)  = 0.380$
  • Echo 67 (33.3%) 29 (56.9%)  = 0.002$
 Renal biopsy
  • Yes 5 (2.5%) 1 (2%)  = 0.649***
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might influence long-term outcomes [20]. Renal paren-
chymal injury sustained during episodes of AKI may lead 
to permanent tubulointerstitial fibrosis and a reduction 
in the number of functioning nephrons [21].

Among demographic variables, old age is a risk factor 
for CKD following AKI. In the present study, patients 
with transition were significantly older. It was found 
that with a 1-year increase in the patient’s age, there 
was 3% increase in the chance of transition. Similarly, in 
Sánchez Horrillo et al. study, the AKI-to-CKD transition 
was more frequent in older patients [22]. Several studies 
agreed with the current study, and an age was associated 
with progression to CKD [17, 23, 24].

An association was found between rate of comorbid-
ity and transition status, where higher rates of cardiac 
and CVS disease were reported in those with transition. 
Supporting the present study, Bucaloiu and colleagues 

detected that a history of congestive heart failure was 
significant predictor of subsequent CKD after AKI. How-
ever, contrasting to this study, they found that hyper-
tension can predict occurrence of CKD after AKI [17]. 
Contradicting this study, Chawla et  al. reported that 
having DM added 24% risk of CKD on top of AKI [23]. 
In Sánchez Horrillo et  al. study, the AKI-to-CKD tran-
sition was more frequent in patients with comorbidities 
[22]. Also, Pereira and coworkers found that the pro-
gression of AKI to CKD was more frequent in cancer 
patients (74.19%) [25]. Regarding the risk factors, cases 
with either infection or IV radio contract exposure were 
2.8 and 6.5 times more liable for transition. This can be 
explained by the fact that infections contribute to the 
development and progression of CKD and complicate the 
course of patients with preexisting CKD [26].

Cases with transition in this study had higher BUN 
level both at baseline and at 3-month follow-up. Like-
wise, the median level of serum creatinine was higher in 
the transition group. Cases with transition had insignifi-
cantly higher serum creatinine level at baseline, while at 
3-month follow-up it was significantly higher. The same 
was reported in Li et  al. who found that patients with 
non-recovery (CKD) had higher creatinine (137.6 µmol/l 
vs 125.0  µmol/l, p < 0.001) and peak creatinine 
(173.3  µmol/l vs 129.8  µmol/l, p < 0.001) levels, as well 
as a higher BUN (17.0 mmol/l vs 11.0 mmol/l, p < 0.001) 
level compared with patients with renal recovery after 
AKI diagnosis [27]. Also, Chawla et al. detected that each 
mg/dl unit increase for SC during hospitalization added 
50% to the odds of reaching CKD4 [23].

The current study found that cases with transition had 
significantly higher median K and  PO4 levels. Patients 
with transition had lower mean sodium, calcium, and 
magnesium than those without transition. The mean 
potassium level showed significant reduction for both 
groups non-transition and transition at follow-up than 
baseline reading. Supporting this study, Chen et al. study 
found that abnormal serum sodium or potassium levels 
before AKI diagnosis were more likely to lead to AKI 
progression and poor prognosis [28].

Notably, cases with transition had higher median lev-
els of serpin either serum or urinary. This agreed with 
Sánchez-Navarro et al. study which was conducted on a 
rat model, and their study supports that uSerpinA3 is an 
early and effective biomarker for the detection of renal 
injury, with a great potential to be used in the diagnosis 
of the AKI to CKD transition and CKD from different 
etiologies. This can be explained as follows: in pathologic 
conditions, serpinA3 was relocated from the cytoplasm 
to the apical epithelial membrane. This suggests that 
uSerpinA3 reflects intrarenal injury; during renal injury, 
it is probably secreted into the luminal space explaining 

Table 3 Independent predictors of transition of AKI to CKD: 
multivariable logistic regression model

OR, odds ratio; CI, confidence interval

Predictors OR (95% CI)* p-value

• Age/years 1.029 (1.007–1.052)  = 0.010
• Sex (male) 1.451 (0.867–2.421)  = 0.061

• Cardiac disease 4.246 (2.112–8.547)  < 0.001
• Hepatic disease 2.330 (1.112–9.985)  = 0.047
• Hematology 8.246 (1.440–14.230)  = 0.018
• Infection 2.792 (1.048–7.439)  = 0.040
• Contrast 6.549 (1.681–13.470)  = 0.010
• Increased U. serpin 1.070 (1.002–1.142)  = 0.043
• No. of pus cells 1.012 (1.001–1.023)  = 0.026
• Abnormal US 2.636 (1.408–4.935)  = 0.002

Table 4 Diagnostic criteria of serpin (serum and urinary) as 
biomarkers for transition of AKI to CKD prediction

a AUC  area under the curve
b SE standard error. CI confidence interval
c Null hypothesis: true area = 0.5. ––Sensitivity (true positives/all diseased), 
specificity (true negatives/all non-diseased), PPV (true positives/all test 
positives), NPV (true negatives/all test negatives)

Diagnostic criteria S. serpin U. serpin

• AUC a 0.819 0.882
• 95% CI 0.656–0.983 0.737–1.000
•  SEb 0.083 0.074
• p-valuec  = 0.017  = 0.004
• Cutoff 117 113
• Accuracy 82% 84%
• Sensitivity% 100% 100%
• Specificity% 64% 68%
• PPV% 73.5% 74.5%
• NPV% 100% 100%
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its emergence in the urine, and uSerpinA3 is an early and 
timely marker of transition [16].

Additionally, higher % of patients with positive cast, 
albumin, and 24-h protein were reported in transition 
cases than those without transition, and this was statis-
tically insignificant. Conversely, James and colleagues 
detected that albuminuria was a risk factors for CKD fol-
lowing AKI [29]. Cases with transition had a significantly 
higher percentage of abnormal US and echo findings 
compared with non-transition group. Unlikely, the per-
centage of abnormal chest CT was insignificantly higher 
in the transition group. This agreed with Katagiri et  al. 
conclusion [30].

Improvement of AKI was reported in two-third of 
those without transition. Likely, higher mortality rate 
was recorded in those without transition. Bucaloiu 
et al. found that despite near-equivalent death rates for 
those matched patients with and without AKI who do 
not subsequently develop CKD, the more-than-three-
fold increased risk of death for those matched patients 
with AKI who developed CKD relative to the non-AKI 
controls who did not develop CKD is striking [17]. The 
observation that the mortality risk associated with AKI 
in this population is largely attenuated by the develop-
ment of CKD is consistent with a large body of litera-
ture linking CKD itself with an increased risk of death, 
relative to those with normal kidney function [19]. An 

association between AKI and long-term mortality has 
previously been observed among patients with estab-
lished CKD or in mixed populations with and without 
CKD. This relationship appears to be consistent both 
among those with more severe, dialysis-requiring AKI 
and those with less severe cases of AKI [30]. This find-
ing would suggest that any long-term mortality risk 
among patients with recovered AKI is largely influ-
enced by the subsequent development of CKD rather 
than the AKI event itself. We suspect that the differ-
ence in definition of recovery explains the discrepancy 
in mortality risk between this study and the results we 
report.

Conclusion
In conclusion, the 3-month frequency of transition from 
AKI to CKD among the adult patients attending Assiut 
University Hospitals Critical Care Unit was 20.2%. Older 
age, male gender, cardiac and CVS disease, the presence 
of infection, higher BUN and creatinine level at 3-month 
follow up, higher median K and PO4 levels, and higher 
median levels of Serpin A3 are risk factors for transition 
from AKI to CKD. U/S can be used as a predictor and 
diagnostic for transition from AKI to CKD.
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Fig. 1 ROC curve for serpin as biomarkers for transition of AKI to CKD prediction
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