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Introduction
 Acute Kidney Injury (AKI) is a major public health problem that 
affects millions of patients worldwide, and it is associated with poor 
short-term morbidity and mortality [1,2]. In addition, survivors of 
AKI incur long-term risks for developing Chronic Kidney Disease 
(CKD) [3] and progression to dialysis-dependent End-Stage Renal 
Disease (ESRD) [4,5].

 There are numerous published studies on the incidence of AKI on 
a community-based population [6-9]. For example, Lafrance et al. [6], 
reported that using the ratio definition of serum creatinine level, the 
incidence of AKI ranged from 12.5% to 18.3% of all hospital admis-
sions. From a population-based point of view, Ali et al. [7], reported 
that the incidences of AKI and acute-on-chronic renal failure were 
1811 and 336 per million population, respectively. Using the KDIGO 
definition, a meta-analysis of 312 studies estimated that 1 in 5 adults 
and 1 in 3 children worldwide experience AKI during a hospital ep-
isode of care [8]. Furthermore, the incidence of AKI has been rising 
over the past 2 decades. Hsu et al. [9], reported that the incidence of 
non-dialysis requiring AKI increased from 322.7 to 522.4 per 100,000 
person-years from 1996 to 2003.

 Recently, the clinical importance of recurrent AKI is increasingly 
recognized. Recurrent AKI is common among patients after a first 
hospitalized AKI and has a high potential to be associated with car-
diovascular events, mortality, and CKD development [10,11]. Around 
23% to 31% of patients admitted with AKI experienced a second hos-
pitalization with AKI [12,13], with the second episode of AKI occur-
ring a median of 216 days years after the first hospitalization [12]. 
Older age, black race, Hispanic ethnicity, lower baseline estimated 
Glomerular Filtration Rate (GFR), proteinuria, anemia, and a higher 
Acute Physiology and Chronic Health Evaluation score were associ-
ated with recurrent AKI [12,13]. Non-recovery of renal function fol-
lowing any AKI episode was a particularly important risk factor for a 
further AKI episode [14].

 However, most of the available epidemiological studies on re-
current AKI were conducted in the western world by using hospi-
tal-based data, which are inevitably confounded by variations of the 
local hospitalization and admission rate. The objective of our present 
study is to determine the incidence, severity, and short-term outcome 
of AKI amongst patients admitted to a general hospital in Hong Kong. 
We specifically examined the incidence and risk factors of recurrent  
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Abstract
Background: Acute Kidney Injury (AKI) is a common problem in 
hospitalized patients and is associated with poor clinical outcome. 
We studied the incidence, severity, and short-term outcome of AKI 
amongst patients admitted to a general hospital in Hong Kong.

Methods: All hospital admission to a regional hospital of Hong Kong 
in 2012 were reviewed in a retrospective cohort study. Serum cre-
atinine levels before, during, and after the hospitalization were re-
trieved from the electronic health record. AKI episodes were identi-
fied by the serum creatinine criteria of the Kidney Disease: Improving 
Global Outcomes (KDIGO) AKI guideline.

Results: Among the 125,517 adult hospital admissions, AKI was 
present in 11456 episodes (9.1%) of 6280 patients. With a catch-
ment of 523,831 adults, the annual population incidence of AKI was 
2.2%. Amongst the stage 2 or 3 episodes, 806 (56.4%) were admit-
ted to the medical unit, 144 (4.5%) required temporary dialysis sup-
port, median hospital stay was 8 days (Inter-Quartile Range [IQR] 4 
to 16 days), and only 68.9% had complete recovery. Recurrent AKI 
episode developed in 2326 patients (37.0%), and 1129 (18.0%) had 

more than one recurrent episodes. The median time to the recurrent 
AKI episode was 26 days (IQR 12 to 58 days).

Conclusion: AKI was present in 9.1% of all adult hospital admis-
sions in Hong Kong. A substantial proportion of patients developed 
recurrent AKI episodes or did not have complete recovery. Further 
research should be directed to the identification of risk factors and 
prevention measures for AKI recurrence.

Keywords: Acute kidney injury; Hospitalized patients; Kidney dis-
ease; Serum creatinine
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AKI in hospitalized patients. Since the public hospital system in Hong 
Kong provides the health care of over 95% of the population, our 
study would provide representative data on the incidence of AKI in 
community patients and help the planning of renal service provision.

Patients and Methods

 This is a retrospective study approved by the Joint Chinese Uni-
versity of Hong Kong-New Territories East Cluster Clinical Research 
Ethics Committee. All study procedures were in compliance with the 
Declaration of Helsinki. We reviewed all adult patients admitted to 
the Prince of Wales Hospital, Shatin, Hong Kong in 2011 by retriev-
ing the following data from the hospital electronic patient record: sex, 
date of birth, date of admission, discharge date, admission depart-
ment, major comorbid conditions, and admission diagnosis.

 Serum creatinine levels checked within 3 months prior to ad-
mission, during the hospital stay and within 90 days after hospital 
discharge were retrieved. For each hospital admission, the following 
serum creatinine parameters were determined: (1) Best serum creati-
nine prior to admission; (2) Serum creatinine on admission; (3) Peak 
serum creatinine during hospital admission; (4) Best serum creatinine 
since presentation; and (5) The last serum creatinine within 90 days 
after hospital discharge.

Case Definitions

 Estimated Glomerular Filtration Rate (GFR) was calculated by 
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 
equation [15]. Since the information on urine output was not avail-
able from the hospital electronic patient record, the occurrence of AKI 
was defined only by the creatinine criteria of the Kidney Disease: 
Improving Global Outcomes (KDIGO) AKI guideline [1]. In essence, 
subjects who had increased in serum creatinine by 26.5µmol/l from 
baseline, or had increased in serum creatinine to 1.5 times of baseline 
were defined to have an episode of AKI. Subjects who had ≥2 times 
and <3 times increase in serum creatinine were classified as stage 2 
AKI, while those with ≥3 times increase in serum creatinine were 
classified as stage 3 AKI.

 In addition, the following patterns of AKI were determined: (1) 
AKI on admission, defined by comparing serum creatinine upon ad-
mission with the level prior to admission if available, or the best se-
rum creatinine ever achieved if there is no serum creatinine level prior 
to admission was available; (2) AKI during hospitalization, defined 
by comparing the peak serum creatinine during hospital admission 
with the one checked upon admission; and (3) Mixed type, when an 
episode has both components.

Outcome measures

 For all AKI episodes, the following outcome parameters were re-
trieved: need of temporary dialysis, admission to the Intensive Care 
Unit (ICU), duration of hospital stay, the in-patient mortality, and 30-
day mortality. The outcomes of an AKI episode was determined by 
comparing the best serum creatinine within 90 days after discharge 
and were classified into 3 categories: (1) Episodes that had the best 
serum creatinine <1.2 times of baseline creatinine were defined as 
complete recovery; (2) Episodes that had the best serum creatinine 
>80% of peak serum creatinine were defined as no recovery; and (3) 
Episodes that had the best serum creatinine levels in between were 
classified as partial recovery.

Statistical analysis

 Statistical analysis was performed by IBM SPSS Statistics soft-
ware version 24.0 (IBM, Armonk, NY). All data were expressed as 
mean ± standard deviation or median (Inter-Quartile Range [IQR]) as 
appropriate. Data between groups were compared using Chi square 
test, Student’s t-test, or one way Analysis of Variance (ANOVA) as 
appropriate. A p value of less than 0.05 was considered significant. All 
probabilities were two-tailed.

Results
 In 2012, there were a total of 146,956 episodes of hospital ad-
missions to the Prince of Wales Hospital, including 50,409 admis-
sions through the emergency department, 87,200 elective admissions, 
7219 newborn, and 2,128 episodes transferred from other hospitals. 
Amongst these admissions, 21,439 episodes belonged to the pediatric 
group and were excluded from analysis. The remaining 125,517 ad-
missions belonged to the adult population and were analysis.

 From October 2011 to March 2013, we identified 618,885 sub-
jects who had serum creatinine checked and recorded under the Hong 
Kong Hospital Authority database, of which 59551 subjects had 2 or 
more serum creatinine levels checked. When the serum creatinine da-
tabase was merged with the hospitalization data, we identified 11456 
episodes (9.1%) of AKI among all the hospital admissions in 2012. 
Specifically, stage 1 AKI was present in 8257 episodes (6.6%) of all 
hospital admissions, and stage 2 to 3 AKI was present in 3199 epi-
sodes (2.5%). Their baseline demographic information is summarized 
in table 1. According to the Hong Kong population census in 2011 
[16], the catchment area of the Prince of Wales Hospital had a popula-
tion of 630,273, of which 523,831 were adults. The population-based 
annual incidence of AKI was 2.2% for all stages, 1.6% for stage 1, 
and 0.6% for stage 2 or 3 AKI.

All Episodes Stage 1 Stage 2 Stage 3 P Value

No. of 
episode

11456 8257 2216 983

No. of 
patients

6280 5100 1594 740

Male sex 
(%)

3498 
(55.7%)

2852 
(55.9%)

852 (53.5%) 417 (56.4%) p=0.2

Age 
(year)

71.9±15.9 72.3±15.8 72.9±15.4 71.6±15.4 p=0.2

Serum 
creatinine 
(µmol/L)

Baseline 111.6±96.1 117.8±99.0 96.1±90.8 94.8±74.7 p<0.0001

Admis-
sion

190.7±174.4 169.9±133.5 201.6±199.9 341.4±296.9 p<0.0001

Peak 207.2±191.9 175.9±140.5 225.9±217.9 427.6±314.9 p<0.0001

Fol-
low-up at 

90-day
178.7±189.4 163.2±149.5 182.0± 15.5 301.1±329.9 p<0.0001

Types 
of AKI, 
no. of 

episode 
(%)

p<0.0001

Present at 
admis-

sion

4914 
(42.9%)

3549 
(43.0%)

950 (42.9%) 415 (42.2%)
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 Amongst the 3199 episodes of stage 2 or 3 AKI, 1,806 episodes 
(56.4%) were admitted to the medical unit, 507 episodes (15.8%) to 
the surgical unit, and 434 episodes (13.6%) to the oncology unit (Fig-
ure 1). In total, 72 episodes (2.2%) required acute dialysis initiated in 
the Intensive Care Unit (ICU), 67 (2.1%) had temporary hemodialysis 
initiated outside ICU, and 5 episodes (0.2%) received acute peritoneal 
dialysis. Amongst the stage 2 or 3 AKI episodes, pre-existing dia-
betes, hypertension, and ischemic heart disease were present in 915 
(28.6%), 1592 (49.7%), and 842 (26.3%) patients, respectively; 868 
patients (27.1%) received angiotensin converting enzyme inhibitor or 
angiotensin receptor blocker therapy prior to the onset of AKI. Re-
cent exposure to iodinated contrast was documented in 343 episodes 
(10.7%), and recent use of Non-Steroidal Anti-Inflammatory Drugs 
(NSAID) was noted in 255 episodes (8.0%). Active glomerulonephri-
tis was diagnosed in 57 patients (1.8%).

Outcome and recurrent AKI

 The clinical outcome is summarized in table 1. The median length 
of hospital stay of the episodes with stage 2 to 3 AKI was 8 days (IQR 
4 to 16 days). For the episodes with stage 2 to 3 AKI, 2,203 (68.9%) 
had complete recovery, 551 (17.2%) had partial recovery within 90 
days, and 445 (13.9%) had no recovery of kidney function. The in-pa-
tient mortality of stage 2 or 3 AKI was 13.0%, 90-day mortality was 
27.3%, 1-year mortality was 47.3%, and 2-year mortality was 57.3%. 
Ten patients (0.5%) developed end stage kidney disease and required 
long term dialysis.

 Amongst the 6280 patients, 2326 (37.0%) developed recurrent 
episodes of AKI, and 1129 (18.0%) had more than one recurrent epi-
sodes (Figure 2). The characteristics of patients with and without re-
current AKI episode are compared and summarized in table 2. The 
distribution of time to the recurrent AKI episode is summarized in 
figure 3. The median time to the recurrent AKI episode was 26 days 
(IQR 12 to 58 days); 55.7% of the recurrent AKI episodes developed 
within 30 days of the original episode, and 76.2% of the recurrent 
episodes within 60 days.

Devel-
oped 

during 
hospital 

stay

1138 (9.9%) 434 (5.3%) 357 (16.1%) 347 (35.3%)

mixed
5404 

(47.2%)
4274 

(51.8%)
909 (41.0%) 221 (22.5%)

Out-
comes, 
no. of 
cases 
(%)

p<0.0001

Complete 
recovery

8391 
(73.2%)

6487 
(78.7%)

1434 
(64.7%)

457 (46.5%)

Partial 
recovery

1131 (9.9%) 423 (5.1%) 438 (19.8%) 270 (27.5%)

No 
recovery

1934 
(16.9%)

1334 
(16.2%)

344 (15.5%) 256 (26.0%)

Table 1: Baseline demographic and clinical information

Figure 1: Distribution of specialties amongst patients who had stage 2 or 
3 acute kidney injury (AKI).

Figure 2: Number of recurrent acute kidney injury (AKI) episodes after 
the index episode.

No Recurrent 
AKI

With Recur-
rent AKI

P Value

No. of patients 3954 2326

Male sex, no. of case (%) 2216 (56.0%) 1282 (55.1%) p=0.5

Age (year) 70.8±16.3 73.9±15.0 p<0.0001

AKI stage, no. of case (%) p<0.0001

stage 1 3016 (76.3%) 1652 (71.0%)

stage 2 630 (15.9%) 493 (21.2%)

stage 3 308 (7.8%) 181 (7.8%)

Types of AKI, no. of episode 
(%)

p=0.003

present at admission 1261 (31.9%) 777 (33.4%)

developed during hospital 
stay

279 (7.1%) 211 (9.1%)

mixed 2414 (61.1%) 1338 (57.5%)
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Discussion
 In this study, we found that AKI is present in 9.1% of all adult 
hospital admissions, with a population incidence of 2.2 episode per 
100-patient-years of follow up. Moreover, 37% patients developed 
recurrent AKI episodes, and over 30% episodes of stage 2 or 3 AKI 
did not have complete recovery.

 The incidence of AKI in our study is similar to previous reports 
[6-9,17-20]. Nonetheless, it is important to note that the reported in-
cidence of AKI varies considerably between studies because of dif-
ference in study design as well as various confounding factors [6,17-
19]. For example, some studies attempted to use diagnostic coding to 
detect the incidence of AKI, but this approach has a low sensitivity 
and underestimates the true incidence [20]. In our present study, AKI 
episodes were defined by the change in serum creatinine level and the 
data were retrieved from the electronic health record system in order 
to ascertain complete case identification. We did not use the urine out-
put criteria because the record of urine output in general wards were 
often incomplete, so that “oliguria” tended to be over-diagnosed. We 
did not use ICD coding to detect AKI episodes because the coding 
“acute renal failure” or “acute kidney injury” were usually not keyed 
in by the responsible clinicians as the coding does not affect doctor 
reimbursement or allocation of healthcare resource.

 Our study provides reliable but possibly slightly over-estimated 
data on the epidemiology of AKI in Hong Kong. The catchment area 
of our hospital covers around 10% of the Hong Kong population, and 
the Hong Kong Hospital Authority provides 95% of all medical ser-
vice. On the other hand, our hospital is also a tertiary referral center 
for major trauma, neurosurgical, cardiothoracic and complicated ab-
dominal surgical patients-all of them had a high risk of AKI. For our 
study, we believe the incidence of AKI in patients admitted to medical 
ward should be an accurate estimate for the general population, but 
that for surgical patients needs to be adjusted by a larger denominator.

 In this study, we found around 37% of patients developed recur-
rent AKI episodes after recovery from a previous AKI episode. It is 
important to note that the incidence of recurrence may be underesti-
mated in our study because recurrent episodes within the same hos-
pital stay may be missed. The incidence we found is therefore higher 
than 23% to 31% as described in previous reports [12,13]. We believe 
the discrepancy could be explained by our exhaustive effort of retriev-
ing serum creatinine levels for at least 3 months after the initial AKI 
episode, and, being a tertiary referral center of cardiothoracic, neuro-
logical and complex abdominal surgery, a high propensity of taking 
care of patients who required repeated intervention radiological and 
surgical procedures. The latter consideration would also explain the 
short delay to the development of a recurrent AKI episode (median 26 
days, and over 75% within 2 months) in our study as compared to the 
report of Liu et al. [12].

 The result of our study implies that therapeutic strategies should 
be developed the prevention of recurrent AKI episodes, which is a 
neglected area of research to date. Although we found that advanced 
age is a risk factor of recurrent AKI, the absolute difference in age 
between patients with and without recurrent AKI was small (Table 
2). Contrary to our expectation, patients with no recovery from the 
AKI episode were less likely to develop a recurrent episode. We be-
lieve this is related to our clinical practice and case identification. 
In essence, patients without recovery were more likely to stay in the 
hospital and any further loss of renal function would be counted as 
one episode by our definition.

 There are several inadequacies of our present study. First, our case 
identification is based on fluctuation in serum creatinine level. AKI 
episodes admitted with a poor kidney function but no baseline serum 
creatinine level to compare with and no recovery of renal function 
would not be recognized by our algorithm of case identification. Sec-
ond, similar to many published studies that are based on electronic 
database, the cause of AKI episodes could not be ascertained in our 
study. Because the data on background comorbidity and concomitant 
drug usage came from our electronic health care record, it was proba-
ble that the information was incomplete. The input of diagnosis cod-
ing for comorbid conditions were often not exhaustive, and, in Hong 
Kong, many medications (notably non-steroidal anti-inflammatory 
drugs and anti-hypertensive drugs) are available over-the-counter 
without a prescription record. Further study with direct chart review 
would be necessary to determine the scope of this problem.

 In summary, we found that AKI was present in 9.1% of all adult 
hospital admissions in Hong Kong, and the population incidence was 
2.2 episode per 100-patient-years. More importantly, a substantial 
proportion of patients developed recurrent AKI episodes or did not 
have complete recovery. Further research should be directed to the 
identification of risk factors and prevention measures for AKI recur-
rence.
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Outcomes, no. of cases (%) p<0.0001

Complete recovery 3022 (76.4%) 1982 (85.2%)

Partial recovery 326 (8.2%) 167 (7.2%)

No recovery 606 (15.3%) 177 (7.6%)

Table 2: Comparison of characteristics between patients with and without 
recurrent AKI.

Figure 3: Time lapse from the resolution of the previous acute kidney 
injury (AKI) episode to the onset of the recurrent episode.
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