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Through the development and application of the risk of
renal failure, injury to the kidney, failure of kidney
function, loss of kidney function, and end-stage kidney
disease (RIFLE)/Acute Kidney Injury Network (AKIN)
criteria for acute kidney injury, uncertainties about defi-
nitions have finally ended [1]. However, the term acute
kidney injury (AKI) shares some similarities with that of
acute respiratory distress syndrome (ARDS) given that
these ‘definitions’ provide no information as to the
underlying specific aetiologies. Clearly the cause of AKI
determines treatment but also has been shown to influence
both prognosis and outcome [2]; for example, sepsis-
related AKI is associated with particularly high mortality
rates approaching 70% in some studies [3] and is usually
attributed to bacterial infections, less so to fungal causes
and rarely to a viral aetiology [4].

The Cinderella view of viral disease in the intensive
care unit (ICU) has changed dramatically over the last
decade with the initial appearance of severe acute respi-
ratory syndrome (SARS) and more recently that of the
pandemic influenza A (H1N1) infections during 2009,
which have presented new challenges to intensivists. Two
clinical studies in this current issue of Intensive Care
Medicine specifically address AKI in the setting of severe
influenza infection. Pettilä and coworkers [5] from Aus-
tralia and New Zealand present data from 628 critically ill
patients which report an incidence of AKI in patients with
H1N1 infection of approximately 34%. Eighteen percent
of these reached RIFLE class failure, and approximately
5% required renal replacement therapy (RRT). In keeping
with other studies, mortality was highest in the RIFLE
failure group (ca. 40%) [6]; interestingly, however, mor-
tality did not appear to be related to the need for RRT.
Multivariate analysis revealed the usual suspects of
increased age, any Acute Physiology and Chronic Health
Evaluation (APACHE) III co-morbidity and mechanical
ventilation as independent risk factors for hospital mor-
tality as well as AKI of whatever stage. In addition, the
authors found that elevated creatine kinase (CK) levels
correlated with RIFLE stages in a subgroup of 120
patients (where CK levels were available), indicating that
pigment nephropathy may play a significant role in the
pathogenesis of H1N1-associated AKI.

The second study focusses on a more severe subgroup
of patients, with Nin and coworkers [7] presenting data
from 84 critically ill patients from 13 ICUs across Spain
and South America. Only patients with viral pneumonia
were included, and an incidence of AKI of around 50%
was demonstrated, associated with higher mortality rates
(40–78%). However, 30 patients were excluded from
analysis through lack of data, which may have influenced
the results significantly. In this study, 24% of patients
required RRT and had an observed mortality of 74%,
which is in keeping with data reported from studies in
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sepsis-associated AKI [3]. The majority of patients
acquired AKI within 48 h of ICU admission. This cohort
showed significantly better prognosis with higher revers-
ibility and less requirement of RRT compared with those
developing AKI later. Multivariate analysis revealed that
late AKI (i.e. [48 h) but not RRT itself was associated
with increased ICU mortality. The authors conclude that
haemodynamic instability may be responsible for the AKI
observed early and this is frequently ‘reversible’ after
volume replacement. Late AKI represents rather persis-
tent injury and is most likely influenced by co-morbidities
or indeed a differing pathological process. Additionally, a
letter by Nin and coworkers [8] describes the histological
features from four deceased patients with H1N1 infection.
Two patients with AKI showed the classical picture of
acute tubular necrosis in the distal tubules, although the
presence of viral nucleoprotein could also be demon-
strated. In addition to tubular cells, periodic acid-Schiff
(PAS)-positive intracytoplasmic granules could also be
found in the parietal and visceral epithelia of the Bow-
man’s capsule despite antiviral treatment. Endothelial
lesions could not be detected.

The observation that critically ill patients with H1N1
also demonstrate a high prevalence of AKI is neither new
nor unexpected [9–11]. The studies presented in this issue
of ICM, however, do provide some answers to the ques-
tion about the pathophysiology of viral-associated AKI.
There is abundant data in the nephrological literature on
viral disease presenting with significant renal manifesta-
tions; for example, chronic viral infections including
hepatitis B and C or human immune-deficiency virus
(HIV) usually manifest with glomerular disease with
classical features including membranoproliferative glo-
merulonephritis (GN), membranous nephropathy or
(collapsing) focal segmental glomerulurosclerosis. The
pathological mechanisms behind these manifestations are
either immune complex deposition or immune reactions
resulting in glomerular membrane proliferation. Rarely do
viral diseases result in the more severe form of rapidly
progressive GN presenting as AKI. Rapid deterioration of
renal function is seen with hantavirus-type infection (e.g.
Hantaan, Dobrava, Puumala, Sin Nombre), often resulting
in requirement of RRT [12, 13]. Fulminant organ failure
has been described in these and other viral diseases,
especially due to Balkan and Asian strains manifesting as
haemorrhagic fever with renal syndrome (HFRS) [12, 13].
Renal failure in this context appears to be based on severe
coagulopathy, endothelial damage and increased vascular
permeability, with some similarities to sepsis with dis-
seminated intravascular coagulation resulting directly in
impaired organ perfusion and subsequent tissue damage.
Cytokine and humoral factor mediated acute interstitial
nephritis may play a contributing role. Another frequent
complication reported in many viral infections, including
HIV, Coxsackie, Epstein–Barr, herpes simplex, adeno-,
echo- and cytomegalovirus as well as parainfluenza and

influenza A and B virus is that of severe myositis
resulting in massive release of myoglobin and, as a con-
sequence, pigment-associated AKI [11, 14, 15]. Perhaps
the most recently, and comprehensively, studied viral
infection in the critically ill prior to the H1N1 pandemic is
that of the novel coronavirus (SARS-CoV) associated
with the severe acute respiratory syndrome reported in
Hong Kong and surrounding regions. Unsurprisingly,
several similarities between H1N1 and SARS-CoV are
demonstrated. In one large study on patients with SARS,
renal involvement occurred in only 6.7%, but this inclu-
ded all hospitalized patients, whereas in those with SARS
who developed renal failure the mortality was over 90%
[16]. In keeping with the studies on H1N1 there appeared
to be a significant pre-renal element, although again acute
tubular necrosis with a predominantly distal tubule dis-
tribution was described, as was rhabdomyolysis
associated with myositis [17]. The nature of the renal
lesion was thought to be through an exuberant host
response rather than through uncontrolled viral infection
in the kidney. Furthermore, crude markers of tubular
function including increased fractional excretion of uric
acid coupled with hypouricaemia were observed in
patients who subsequently developed AKI [18].

So what causes acute kidney injury in severe H1N1
infection? Analysis of the three studies described allows
some conclusions to be drawn. Firstly, the high rate of
‘early AKI’ with less requirement for RRT and higher
rates of recovery indicates an early haemodynamic com-
ponent due to hypovolaemia or vasodilatory shock due to
an exaggerated host response [7]. Secondly, the associa-
tion between CK and RIFLE stage indicates
rhabdomyolysis as an additional mechanism in those
patients suffering from myositis [5]. However, the inci-
dence and outcome of AKI do seem to be significantly
influenced by co-morbidities and the requirement of
mechanical ventilation. Furthermore, the role of supra-
added infection, particularly in those patients with a
longer ICU course, cannot be ignored and may have been
significant in those developing ‘late’ AKI. Finally the
histological investigation shows the classical picture of
acute tubular necrosis (with predominantly distal tubular
involvement) and viral particles in epithelial cells as well
as the Bowman’s capsule. Clearly these findings differ
significantly from those reported in patients dying from
(bacterial) septic shock [19], where increased rates of
apoptosis in renal tubular epithelia as well as leucocytic
infiltration in glomeruli and capillaries are found. Hence,
the role of direct viral infiltration in the pathogenesis of
H1N1-associated AKI still remains to be further
established.

In terms of prevention of AKI, these studies tell us that
measures similar to early goal-directed therapy in sepsis
to avoid prolonged hypoperfusion are of utmost impor-
tance [20]. Forced isovolaemic diuresis may be
considered in cases of severe myositis to prevent haem
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pigment nephropathy. Risk factors for development of
AKI should be avoided if at all possible (e.g. nephro-
toxins). The role of antiviral therapy such as
neuraminidase inhibitors in terms of protection against
AKI remains unclear from these studies. Nin and
coworkers showed that the ICU mortality in patients
treated with neuraminidase inhibitors remained high at

53% (of 77 patients), slightly lower than the 71% mor-
tality in those who were not treated, but this cohort
included only 7 patients [7]. However, it may be that
neuraminidase treatment occurred too late in the course of
disease to influence outcome.
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