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V. Pettilä ()) � M. Bailey �
B. Howe � R. Bellomo
Australian and New Zealand Intensive Care
Research Centre, School of Public Health
and Preventive Medicine,
Monash University,
Melbourne, VIC, Australia
e-mail: ville.pettila@hus.fi
Tel.: ?35-8504-271715
Fax: ?35-8947-175678

V. Pettilä
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Abstract Objective: We aim to
evaluate the incidence and outcome
of acute kidney injury (AKI) among
critically ill adult patients with H1N1
2009 infection. Design and
patients: From a prospectively col-
lected influenza A (H1N1) 2009 bi-
national, we identified 671 adult
patients admitted to intensive care
unit (ICU) from June 1 to August 31,
2009. Of these, 628 (93.6%) had
admission and/or peak serum creati-
nine values during ICU stay. We

defined AKI according to the creati-
nine criteria of the RIFLE
classification. Results: Of 628 adult
patients, 211 [33.6%, 95% confidence
interval (CI) 29.8–37.4%] had AKI:
41 (6.5%) risk, 56 (8.9%) injury and
114 (18.2%) failure. Of all 211 AKI
patients, 76 [36.0% (29.4–42.6%)]
died in hospital (36.6% in risk, 25.0%
in injury and 41.3% in failure group)
compared with 33 of 408 (8.1%)
patients without AKI. Among the 33
AKI patients treated with renal
replacement therapy, 13 died
(39.4%). Mechanical ventilation
[odds ratio (OR) 3.62 (2.07–6.34)],
any severe co-morbidity (OR 2.36,
95% CI 1.15–3.71), age (OR 1.02,
95% CI 1.01–1.03 per 1 year
increase), and AKI (OR 6.69, 95% CI
4.25–10.55) were independently
associated with hospital mortality.
Conclusions: Acute kidney injury
appears common in H1N1 2009
infected patients and is independently
associated with an increased risk of
hospital mortality.
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Introduction

An influenza A (H1N1) 2009 pandemic emerged during
2009 and caused a significant burden of critical illness

[1–3]. Little information is available on how such illness
affected the kidney. Influenza A infections rarely cause
acute kidney injury (AKI), mostly due to rhabdomyolysis
[4, 5]. AKI has been reported in 17% of patients with
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avian influenza A (H5N1) [6], and, recently, a small
single-centre case series of H1N1 2009 patients suggested
a high risk (32%) of AKI [7]. More recently, a multicentre
observational study of 50 critically ill patients with H1N1
infection reported a 67% incidence of AKI [8]. However,
so far, the evidence is limited and no large, prospective,
multicentre studies of H1N1 have reported on the inci-
dence and outcome of AKI.

Accordingly, we used a prospectively collected influ-
enza A (H1N1) 2009 bi-national [2] to evaluate the
incidence and hospital outcome of AKI among critically
ill adult patients with H1N1 2009 infection.

Materials and methods

Patients

We have previously performed a multicentre inception
cohort study in 187 ICUs in Australia and New Zealand
comprising all adult, paediatric and combined adult and
paediatric ICUs in Australia and New Zealand [2]. Each
centre obtained Institutional Ethics Committee approval, and
requirement for individual subject informed consent was
waived at all sites. Between June 1 and August 31, 2009, all
patients admitted to ICU with confirmed influenza A were
identified. Influenza A was confirmed by polymerase chain
reaction (PCR), antigen detection or serology. From this
prospectively collected database, we then identified all adult
patients admitted with H1N1 2009. Of these patients, we
selected those who had admission and/or peak creatinine
values. We defined AKI according to the creatinine criteria of
the RIFLE classification [9]. We report our findings accord-
ing to the STROBE guidelines for observational studies [10].

Data collection

We collected the following patient-specific data: hospital and
ICU admission date and time, age, gender, for women whether
pregnant or postpartum\28 days, co-morbidities [any Acute
Physiology and Chronic Health Evaluation (APACHE) III co-
morbidity], history of chronic diseases, and airway status at
ICU admission [2]. In addition, we collected data on daily use
of renal replacement therapy (RRT) and mechanical ventila-
tion, and serum creatinine and serum creatine kinase [normal
values\200 IU/L] values at ICU admission and peak value
during ICU stay. We recorded patient outcomes at hospital
discharge status or as still in hospital as of November 23, 2009.

Data management and statistical methods

We collected data using electronic case report forms. The
study-coordinating centre was the Australian and New

Zealand Intensive Care Research Centre, Monash Univer-
sity, Melbourne, Australia. When the same patient was
transferred between ICUs they were counted as a single ICU
admission. We made no assumptions for missing data, and
calculated all proportions as percentages of available data.

We identified AKI using the RIFLE [9] classification
during ICU stay as recommended [11, 12] by the Acute
Dialysis Quality Initiative group [9], and validated [13].
We identified the incidence of admission AKI using the
first admission creatinine value, and defined ‘‘later’’ AKI
if AKI developed during ICU stay in those patients with
normal creatinine values at ICU admission. We used a
cut-off value of 5,000 IU/L for markedly elevated crea-
tine kinase as suggested previously [14].

We performed statistical analysis using SAS version 9.1
(SAS Institute Inc., Cary, NC, USA). We calculated
descriptive statistics for all study variables. We report con-
tinuous variables as median with interquartile range (IQR)
and categorical variables as percentage with 95% confidence
interval (95% CI) where appropriate. We performed uni-
variate analysis for hospital mortality using chi-square,
Fisher’s exact test or Wilcoxon rank-sum test as appropriate.
We performed multivariate logistic regression analysis to
identify factors independently associated with an increased
risk of hospital mortality, using a multivariate model con-
structed using both stepwise selection and backwards
elimination techniques. We included all variables with
p \ 0.10 in the univariate model in the model selection
process. Two-sided p value \0.05 was considered to be
statistically significant, except for the multivariate model
where p value\0.01 was used.

Results

Incidence and severity of AKI

We identified 671 adult patients with H1N1 infection
admitted to ICU from June 1 to August 31, 2009. Of these,
628 (93.6%) had admission (N = 589, 87.7%) and/or peak
serum creatinine (N = 567, 84.5%) values measured during
their ICU stay. Among these adult patients, we identified 211
(33.6%, 95% CI 29.8–37.4%) H1N1 patients with AKI
according to the RIFLE classification: 41 (6.5%) risk, 56
(8.9%) injury and 114 (18.2%) failure (Fig. 1, Table 1).

Of 211 AKI patients, 95 (45.0%) without chronic renal
failure (CRF) and 2 (1%) with CRF had AKI on ICU
admission, while 104 (49.3%) without CRF and 10 (4.7%)
with CRF developed AKI during their ICU stay. Of 97
patients with admission AKI, 53 of 94 (56.4%) received
vasopressors and 74 of 96 (77.1%) received mechanical
ventilation (data missing for 3 and 1, respectively). The
corresponding numbers for 114 patients with later AKI
were 61 of 101 (60.4%) (data missing for 13) and 97 of
114 (85.1%), respectively.
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Creatine kinase

The median (IQR) creatine kinase (CK) was 677 IU/L
(254–2,295) in AKI and 413 IU/L (139–1,170) in non-AKI
patients (p = 0.006). Median CK was 528, 638 and 918 IU/
L in RIFLE classes R, I and F, respectively (p = 0.04). Of
120 AKI patients with available data on CK, 19 (15.8%) (2 in
R, 3 in I and 14 in F class) had elevated serum creatine kinase
exceeding 5,000 IU/L compared with 15 of 175 (8.6%) in
patients without AKI (p = 0.06).

In-hospital mortality

Of all 211 AKI patients, 76 [36.0% (29.4–42.6%)] died in
hospital (36.6% in RIFLE class R, 25.0% in I and 41.3%

in F) compared with 33 of 408 (8.1%) H1N1 patients
without AKI (Table 2). Of the 97 patients with admission
AKI, 32 (33.0%) died in the hospital compared with 44 of
114 (38.6%) with later AKI (difference 5.6%, 95% CI
7.3–18.5%, ns). Of 33 RRT patients (15.6% of 211 AKI
patients, 4.9% of all H1N1 patients), 13 (39.4%) died and
7 (21.2%) remained RRT dependent at hospital discharge.
On multivariate analysis, mechanical ventilation, any
severe co-morbidity and AKI were independently asso-
ciated with an increased risk of hospital death (Table 3),
but vasopressor use was not.

Discussion

In this prospective observational multicentre study, we
identified 211 (34%) adult H1N1 2009 patients who
developed AKI. We found that AKI patients had an
increased risk of hospital death (36% versus 8%, adjusted
OR 6.69) compared with patients without AKI. In adult
H1N1 2009 patients, mechanical ventilation, any severe
co-morbidity and AKI itself were independently associ-
ated with hospital mortality. AKI was associated with
higher CK levels.

Few studies have reported cases of AKI associated
with subtypes of influenza A [4–6, 15, 16]. Although the
mechanism of AKI in influenza A infection remains
unclear, evidence from case series has related it to rhab-
domyolysis [14, 17]. Recent reports have also
demonstrated elevated creatine kinase values in 62% [18]
and approximately 75% [19] of critically ill H1N1 2009
patients. We found that creatine kinase exceeded
5,000 IU/L [14] in 16% of AKI patients, supporting the
notion that muscle cell injury may contribute to the

671 adult patients 
with H1N1 2009

628 (93.6% of 671) with creatinine  
at ICU admission and/or during ICU stay

211 (33.6%) with AKI
- 76 of 211 (36.0%) died

417 (66.4%) without AKI
- 33 of 408 (8.1%) died

43 (6.4%) without 
creatinine values

Fig. 1 Flowchart of adult influenza A H1N1 2009 patients admit-
ted to Australian and New Zealand intensive care units

Table 1 Characteristics, treatment and outcome of adult patients with confirmed H1N1 2009-related critical illness (N = 628) according
to presence or absence of acute kidney injury (AKI)

Characteristic AKI patients
(N = 211)

Non-AKI patients
(N = 417)

p-Value

Median (IQR) age (years) 47 (34–56) 44 (32–55) 0.06
Female sex, no. (%) 103 (48.8%) 228 (54.7%) 0.16
Pregnant women, no. (%) 12/103 (11.7%) 49/228 (21.5%) 0.047
Diabetes, no./total no. (%) 53/210 (25.2%) 63/405 (15.5%) 0.004
Chronic pulmonary disease, no./total no. (%) 60/209 (28.7%) 155/413 (37.5%) 0.03
Chronic heart failure, no./total no. (%) 34/209 (16.2%) 45/409 (11.0%) 0.06
Chronic renal failure, no./total no. (%) 12/211 (5.7%) 6/417 (1.4%) 0.006
APACHE III co-morbiditya, no./total no. (%) 62/206 (30.0%) 91/399 (22.8%) 0.05
No known predisposing factors, no./total no. (%) 55/211 (26.0%) 127/417 (30.4%) 0.25
Time from first symptoms to hospital admission, median (IQR) days 4 (2–7) 4 (2–7) 0.64
Mechanical ventilation, no./total no. (%) 171/210 (81.4%) 237/410 (57.8%) \0.0001
Vasopressors, no./total no. (%) 114/195 (58.4%) 94/367 (25.6%) \0.0001
Corticosteroid treatment, no./total no. (%) 90/194 (46.3%) 153/365 (41.9%) 0.31

a Any condition that is defined within the chronic health evaluation component of the Acute Physiology and Chronic Health Evaluation
III (APACHE III)
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development of AKI in some H1N1 patients. Diabetes
was also more common in AKI patients, as were use of
vasopressors and mechanical ventilation, confirming that
diabetes is a risk factor for AKI even in these patients and
suggesting that, in some patients, AKI was part of mul-
tiple organ dysfunction.

An approximate assessment of the incidence of H1N1
2009-associated AKI has so far only been reported in 32%
(9 of 28) of patients from a small case series in Argentina
[7], and, more recently in 64% (32 of 50) of mechanically
ventilated patients in Canada [8]. Furthermore, data from
another larger case series, while not providing specific
information, suggested a close to 10% incidence of AKI
[19]. Given the sample size, our study provides the first
robust estimate of the incidence of AKI (95% CI 30–37%)
in adult critically ill patients with confirmed H1N1 2009
infection. This incidence is comparable to the 36% inci-
dence of AKI reported in general ICU patients in the
SOAP study [20], but lower than the 67% incidence of
AKI in the cohort study by Hoste et al. [21], and lower
than in critically ill patients with confirmed or probable
H1N1 infection (67%, 95% CI 53–80%) using RIFLE
criteria with urine output data [8].

Our findings suggest that the severity of AKI in H1N1
2009 patients is comparable to in other ICU patients [22,

23]. Hospital mortality rates were higher in the R-group
but lower in I- and F-groups than reported in other crit-
ically ill patients [22]. However, the mortality risk
associated with AKI in H1N1 2009 patients seems to be
comparable to that seen in other critically ill patients [20]
(reported unadjusted ORs 2.4, 4.1 and 6.4 [22] according
to different RIFLE classes, respectively).

We found that, in H1N1 2009 patients, RIFLE stages
R, I and F were independently associated with hospital
mortality, similarly to in other critically ill patients [23].
In addition, we found that severe chronic illness and
mechanical ventilation on ICU admission were inde-
pendently related to hospital death, in agreement with a
previous study of AKI in general ICU patients [23].

To our knowledge, this is the only large, bi-national,
multicentre study focussing on AKI in critically ill
patients with H1N1 2009 infection. On the other hand, it
has some limitations. First, creatinine values at admission
were available in only 88% of patients. However, we did
not detect any major differences between those with
creatinine values available and those without. For those
patients where the baseline creatinine value was missing,
we estimated it as previously recommended [12]. Second,
we did not have urine output data, which would have
enabled us to use the complete RIFLE criteria. Other
studies suggest that the urine output criteria have limited
impact [24]. However, one recent multicentre study
showed significant influence of urinary output on inci-
dence of AKI [25]. Some patients may be oliguric without
a significant increase in serum creatinine. Thus, the
detected incidence of AKI without urine output in this
study may be an underestimate. Third, data required for
acute physiologic or organ dysfunction scoring were not
available. Fourth, as an observational study, our results
can only show association and no causal relationship.
Fifth, we may have missed some possible confounding
factors, such as additional infections, type of fluid resus-
citation or lead-time bias. Finally, we did not gather data
on dose or timing on RRT. However, our focus was
simply to establish the burden and outcome of AKI in
these unique patients.

In conclusion, we have demonstrated that one-third of
critically ill patients with confirmed H1N1 2009 had AKI
and that 4.9% required RRT. In addition, we found that
patients with AKI had higher CK levels and that AKI was
independently associated with increased risk of hospital
mortality.

Conflict of interest The authors declared no competing interests.

Table 3 Variables independently associated with hospital mortal-
ity in adult H1N1 patients

Odds ratio (95% CI) p-Value

Age (per 1 year increase) 1.02 (1.01–1.03) 0.004
Any APACHE III co-morbidity 2.36 (1.51–3.71) 0.0002
Acute kidney injury 6.69 (4.25–10.55) \0.0001
Mechanical ventilation 3.62 (2.07–6.34) \0.0001

Table 2 Incidence and hospital mortality of acute kidney injury
(AKI) in patients with H1N1 2009 infection according to different
RIFLE criteria [9]

RIFLE class N (%) of 628 Hospital mortality, N [%, (95% CI)]a

R, risk 41 (6.5) 15/41 [36.6 (21.5–51.6%)]
I, injury 56 (8.9) 14/56 [25.0 (13.4–36.6%)]
F, failure 114 (18.2) 47/114 [41.3 (32.0–50.4%)]
AKI R–F 211 (33.6) 76/211 [36.0 (29.4–42.6%)]
No AKI 417 (66.4) 33/408 [8.1 (5.4–10.8%)]

Urine output not available
a Hospital mortality available for all 211 AKI patients and 408 of
417 (97.8%) patients with no AKI as of November 23, 2009
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