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red blood cell transfusion and furosemide  
in cardiac surgery: friend or foe?
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Acute kidney injury (AKI) is one of the most common 
complications of cardiac surgery and even when the injury 
is relatively modest it is independently associated with 
both a high morbidity and mortality.1,2 The pathogenesis 
of AKI in cardiac surgery (CS-AKI) is complex and 
incompletely understood with aetiological features that 
are both common to other types of AKI as well as some 
specific features.3 The mechanisms include action of 
exogenous and endogenous toxins, metabolic factors, 
ischaemia-reperfusion injury, neurohormonal activation, 
inflammation and oxidative stress.3 Each may play a role 
in the pathogenesis of CS-AKI throughout the process 
but are not necessarily temporally related. Numerous 
therapies for the prevention of AKI have been tested 
but none have been proven particularly effective.4 This 
lack of effective therapies prompted Dr Vellinga and 
colleagues to try and identify modifiable risk factors for 
reducing AKI after cardiac surgery as published in this 
issue of The Netherlands Journal of Medicine.5 The authors 
performed a single-centre retrospective analysis in 565 
adult patients who underwent coronary artery bypass 
grafting (CABG) with cardiopulmonary bypass (CPB). 
Serum creatinine (SCr) was determined at admission 
and at 24-hour intervals for a minimum of 48 hours and 
a maximum of seven days. Unfortunately urine output 
and fluid balance were not recorded. AKI was determined 
by the modified AKIN criteria employing only the serum 
creatinine criteria. Eighty-three patients were diagnosed 
with AKI, of which 74 (89%) were classified as AKIN I, 
4 (5%) patients AKIN II, 3 (4%) patients AKIN III with 2 
(2%) patients receiving renal replacement therapy (RRT). 
Despite the impressively low rate of CS-AKI both mortality 
rate and length of hospital stay were not reported. Based on 
their multivariate analysis findings the authors concluded 
that intraoperative and postoperative red blood cell (RBC) 
transfusion as well as administration of furosemide played 
a significant role in the development of AKI.

These findings are in keeping with some other studies 
and as such are not unique. Numerous studies have 
reported renal risk factors derived in a multivariate 
fashion from larger cohorts of patients undergoing cardiac 
surgical procedures. For example, in 2009 Karkouti et 

al. performed a large multicentre study in 3500 patients 
who underwent cardiac surgery with CPB using the 
modified RIFLE criteria (GFR criteria only) to define 
AKI.6 Although the most predictive risk factors were CPB 
duration and intra-aortic balloon pump before surgery, 
three potentially modifiable and interrelated risk factors 
(preoperative anaemia, perioperative RBC transfusions, 
and the need for reexploration) were strongly associated 
with the development of AKI. Very recently, Parolari et al. 
performed a large single-centre study in 3669 patients who 
underwent on-pump cardiac surgery, using the modified 
AKIN (SCr only) to define AKI.7 This demonstrated that as 
well as conventional preoperative risk factors for AKI such 
as increasing age, preoperative SCr, and diabetes, drug 
administration (especially inotropes, vasoconstrictors, 
diuretics), RBC transfusion, and perfusion or cross-clamp 
times were significantly associated with AKI.7 However, 
an obvious limitation of all these retrospective studies is 
the potential for confounding effects, particularly when 
the trigger for intervention is not clearly defined. Thus, 
RBC transfusion during cardiac surgery may contribute to 
AKI but is itself often consequent to significant blood loss, 
the cause of which may also contribute to the development 
of AKI. Likewise, furosemide may contribute directly to 
AKI, but again, it may be that the administration of the 
diuretic was initiated by a response to oliguria heralding 
AKI. Therefore, despite the fact that this study implies that 
transfusion and diuretic administration are independent 
risk factors for the development of CS-AKI we are left 
wondering whether this is the chicken or the egg. 
However, this study does raise some interesting points. 
Transfusion of RBCs may cause AKI through interaction 
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between donor RBCs and transfusion recipients as a 
consequence of receiving RBCs altered by processing and 
storage (the so-called ‘storage lesion’).8 The storage lesion 
has effects on overlapping pathways of oxygen delivery, 
RBC rheology as well as effects on immune modulation.8 
It has been suggested that transfusion of ‘younger’ blood 
results in less morbidity/mortality; however, it is not 
currently known if clinical outcomes are affected by the 
age of transfused blood and uncertainty remains regarding 
the clinical importance of RBC storage duration as well as 
when ‘new’ blood can be viewed as ‘old’ blood.9 Of note, 
in an experimental pig model RBC transfusion during 
CPB protected against AKI.10 Another approach was 
recently suggested by Karkouti et al. in a small unblinded 
randomised pilot clinical trial in cardiac surgery patients 
showing that prophylactic transfusion one to two days 
before surgery limits the deleterious effects of blood 
transfusions compared with standard of care (transfusion 
as indicated).11 The rationale for this approach was that 
RBC transfusion may increase the amount of circulating 
free iron, which could exacerbate the oxidative stress injury 
during surgery. Preoperative transfusion may allow time 
for iron metabolism to stabilise and/or chelation to occur 
before the effects of surgery come into play, thus keeping 
free iron levels at more acceptable, less damaging, levels.11 
The study, however, was not powered to detect differences 
in AKI. Notably, in a very recent pilot study by Haase et 

al. low preoperative levels of the iron regulatory hormone 
hepcidin were found to be a risk factor for mortality 
after cardiac surgery, adding to the evidence that altered 
metabolism may contribute to organ dysfunction after 
major surgery.12

Loop diuretics such as furosemide have been extensively 
studied because of their main pharmacokinetic actions: 
reduction of vascular resistance and inhibition of active 
transport in the thick ascending limb of the loop of Henle. 
This latter effect has been proposed as ‘protective’ with 
reduction in the energy requirements under ischaemic 
conditions. In experimental trials the administration 
of furosemide protected the chronically hypoxic 
juxtamedullary regions during ischaemic events.13 In 
contrast, clinical trials were unable to reproduce this 
beneficial effect in humans, and it was even suggested 
that the use of furosemide was detrimental.14 Nevertheless, 
very recently Gandhi et al. constructed a best evidence topic 
according to a structured protocol. The question addressed 
was ‘Does perioperative furosemide usage reduce the need 
for renal RRT in cardiac surgery patients?’15 Based on ten 
studies which represented the best evidence to answer this 
clinical question the authors concluded that the evidence 
supporting the benefit of this strategy in terms of reducing 
the need for RRT is weak. At the same time, current best 
available evidence, albeit from small RCTs, suggests that 
the timely introduction of continuous furosemide infusion 

does not increase the incidence of renal impairment after 
cardiac surgery. 
So, where does this study leave us? Although the results 
are of interest, no firm conclusions can be drawn as to 
potential interventions to limit CS-AKI. As pointed out 
the need for intervention is almost certainly as relevant as 
the intervention itself. Clearly, when faced with a surgical 
patient with significant haemorrhage, for whatever reason, 
transfusion cannot be withheld and one may argue that 
not reacting to volume loss is probably a greater risk factor. 
Similarly, unchecked positive volume balance is also 
associated with increased morbidity and mortality and 
hence may necessitate intervention. Vaara et al. recently 
performed a prospective multicentre observational cohort 
study in 283 RRT-treated critically ill patients and showed 
that patients with fluid overload at RRT initiation had twice 
as high crude mortality compared with those without.16 
In another recent observational single-centre study in 
502 post-cardiac surgery patients, both fluid overload and 
changes in SCr correlated with mortality.17 Of note, fluid 
overload was the variable most related to length of stay in 
intensive care.17 Perhaps the best way to limit CS-AKI is in 
terms of technique employed. Early observational studies 
comparing off-pump CABG with on-pump CABG showed 
a significant reduction in CS-AKI and a subsequent 
meta-analysis confirmed these observations.18,19 By 
meta-analysis, off-pump CABG was associated with a 40% 
lower odds of CS-AKI although interestingly there was 
little effect on overall mortality. Perhaps what we should 
bear in mind is that all our interventions have an effect 
on our patients and some carry greater risks than others!
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