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of patients who had already sustained more severe kidney
injury (RIFLE categories ‘‘ Injury’’ or ‘‘Failure’’ ) at the
time of study drug infusion; there was no difference in
renal function or mortality according to vasopressin or
norepinephrine allocation. Similarly, there was no sig-
nificant beneficial effect of vasopressin in patients who
had no acute kidney injury at baseline.

The interaction between treatment group and RIFLE
category on mortality was significant, suggesting that the
response to vasopressin treatment in the ‘‘Risk’’ category
was significantly different to the response of patients in
the other categories of RIFLE. These findings raise the
possibility that patients classified in the RIFLE ‘‘Risk’’
category could be targeted for future therapeutic trials.

Incidence and outcome of acute kidney injury

Numerous studies have evaluated the RIFLE criteria in
various critically ill populations [3, 16, 18–26]. The
incidence of acute kidney injury varied between 11% and
67% in studies of general ICU patients [16, 18, 20–22].
To our knowledge, the current study is the largest study
using RIFLE criteria in patients who have septic shock.

The 73% incidence of acute kidney injury in this
cohort is slightly higher than in previous studies. How-
ever, this is not surprising, as we studied only severely ill
patients who had septic shock. Previous studies have
shown that the severity of sepsis correlates with the
incidence of kidney injury [4]. The incidence of acute
kidney injury we report is substantially higher than the
incidence in the most severely ill patients described by
Rangel-Frausto et al. [4], which may reflect between-

Fig. 1 Mean serum creatinine (and 95% CI) over the first 20 days
from start of study drug infusion in A, ‘‘Non-AKI’’ category; B,
‘‘Risk’’ category; C, ‘‘ Injury’’ category; D, ‘‘Failure’’ category of
RIFLE. Grey circles represent norepinephrine group; black squares
represent vasopressin group. Serum creatinine values recorded
whilst receiving renal replacement therapy have been excluded
from the analysis. Data after day 20 have not been shown because
of small numbers in each group. AVP vasopressin, NE
norepinephrine

Fig. 2 Kaplan-Meier survival curves for at ‘‘Risk’’ patients in the
vasopressin-treated group, solid black line, and the norepinephrine-
treated group, dotted line (p = 0.007). p value was calculated using
the log rank statistic
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Cardioprotective and Prognostic Effects of Remote Ischemic 

Preconditioning in Patients Undergoing Coronary Artery Bypass 

Surgery: A Single-Center Randomized, Double-Blind Trial

Thielmann et al

Lancet. 2013;382:597–604.

During the past 3 decades, several experimental stud-

ies have shown that ischemic conditioning reduces 

myocardial damage by modifying ischemia-reperfusion 

injury. A recent study in the Lancet indicates that remote 

ischemic preconditioning translates into clinical benefit in 

patients undergoing coronary artery bypass surgery. The 

implications of the study extend to patients undergoing 

elective and acute coronary angioplasty and beyond.

Adjunctive therapies to reduce myocardial ischemia- 

reperfusion injury related to cardiac surgery and percutaneous 

coronary interventions have yet to find their way into clinical 

practice, mainly because no pharmacological or mechanical 

cardioprotective strategy has convincingly shown clinically 

relevant benefit to the patient.1 That may be about to change. 

In a recent study by Thielmann et al,2 329 low-risk patients un-

dergoing elective isolated on-pump first-time coronary artery 

bypass grafting (CABG) were randomized to either standard 

CABG or CABG preceded by remote ischemic precondition-

ing (RIPC), achieved by 3 cycles of 5-minute upper limb isch-

emia through inflation of a blood pressure cuff followed by 

5-minute deflation. The results indicate that RIPC confers a 

prognostic benefit to the patient.

The study was conducted as a single-center, double-blind, 

randomized, controlled trial. The primary end point was peri-

operative myocardial injury assessed by troponin I release 

measured at 6, 12, 24, 48, and 72 hours after surgery. The 

secondary end points comprised all-cause mortality, major 

adverse cardiac and cerebrovascular events (MACCE), and 

repeat revascularization at 30 days, 1 year, and at completion 

of follow-up, ranging from 1 to >4 years with a mean of 1.54 

years. The group demographics were well-matched, and there 

were no significant differences in baseline risk factors.

The authors demonstrated acutely reduced myocardial in-

jury (assessed by troponin I release), as also shown previously 

by others3 but, in addition, they also found a reduction in all-

cause and cardiac mortality, as well as MACCE in the interven-

tion group during the follow-up period. During the follow-up 

period, MACCE occurred 23 times in the control group versus 

8 times in the RIPC group (P=0.011). The authors observed 

11 deaths in the control group and only 3 deaths in the RIPC 

group (P=0.046). The combined end point (death, MACCE, 

and repeat revascularization) exhibited a hazard ratio of 0.38 

(0.21–0.70) in favor of RIPC. There was no difference be-

tween groups regarding the need for revascularization.

The present study is noteworthy because it is the first to show 

that the reduction in surrogate end points in patients treated with 

RIPC before CABG translates into clinical benefit. Although 

several trials have investigated the effect of RIPC in the context 

of CABG3–5 and a recent meta-analysis of these trials indicates 

that RIPC reduces troponin release in these patients,6 there is 

continued skepticism regarding the clinical efficacy of RIPC. In 

contrast to earlier studies, Thielmann et al2 conducted a detailed 

follow-up analysis on clinical end points, albeit these were 

secondary outcomes in the trial design. Event rates were low 

because a low-risk population was investigated. Nevertheless, 

the results prompt optimism about the potential clinical value 

of RIPC as a cardioprotective strategy. Interestingly, Thielmann 

et al2 also found that RIPC reduced the occurrence of sepsis, 

stroke, and noncardiac deaths, which adds to the speculation 

that RIPC could confer systemic beneficial effects beyond the 

organ exposed to ischemia-reperfusion injury.

The work of Thielmann et al2 is not a stand-alone study. A 

more recent and larger study by Hong et al7 did not show any 

clinical benefit of RIPC combined with remote ischemic post-

conditioning in 1280 patients undergoing CABG. The primary 

end point was a much broader composite of major adverse out-

comes than in the study of Thielmann et al2 and included death, 

myocardial infarction, arrhythmia, stroke, coma, renal failure 

or dysfunction, respiratory failure, cardiogenic shock, gastroin-

testinal complication, and multiorgan failure. Furthermore, the 

anesthetic regimen included propofol in all patients. Propofol 

has been shown to interfere with the activation of the signal 

transducer and activator of transcription 5 (STAT5) pathway8 

and to abrogate the cardioprotection afforded by RIPC in 

patients undergoing CABG surgery.9 Finally, the release of 

myocardial biomarkers was not measured to document a car-

dioprotective effect. Therefore, the differences in the outcomes 

of the trials are most likely explained by the consequent use 

of propofol in the latter. Unfortunately, the lack of biomarker 

assessment in the trial by Hong et al7 makes it unclear whether 

any biological effect was evoked by the RIPC treatment.

Two other important studies supporting the clinical effect of 

RIPC have recently been published. Davies et al investigated 
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Paracrine and endocrine effects of MSC

It was originally believed that MSCs provided a 

therapeutic basis for regeneration by engraft-

ing at the site of injury via transdifferentiation-

the ability of adult stem cells of one lineage to 

differentiate into a different cell type, in this 

case renal parenchymal cells. However, further 

testing revealed that engraftment of MSCs to 

the site of injury was very rare and therefore 

was not likely to be the sole cause of regenera-

tion of after AKI [18]. This discovery led to the 

idea that paracrine factors exerted by stem 

cells, acting in conjunction with endocrine sig-

nals, were possible mechanisms of repair post-

injury [18]. MSCs secrete a wide variety of 

these effects has been demonstrated in injury 

models of various organ systems, such as 

acute lung injury, acute kidney injury (AKI), and 

acute brain injury. Bruno et al. investigated the 

therapeutic effects of microvesicles derived 

from MSCs in SCID mice upon injection of cis-

platin, a chemotherapy drug that is toxic to the 

kidney and thus induces AKI. Cisplatin-injected 

SCID mice received a single injection of mi- 

crovesicles (siMV), multiple injections of mi-

crovesicles (miMV), and a control group with no 

MSC-derived microvesicles injected. Microve- 

sicles derived from MSCs reduced mortality of 

cisplatin-injected mice. By day 21, the survival 

rate in cisplatin-injected mice with siMV was 

40% and from miMV was 80% with respect to 

Figure 1. Model for paracrine actions of MSCs on the injured tubule. After an 
acute kidney injury, injected MSCs home to injury sites and may be recruited 

from endogenous niches (bone marrow or kidney) as well. MSCs bind to 
glomerular and/or peritubular capillary endothelium and both protect the 
kidney from further injury and accelerate repair. Paracrine mediators play 

important roles in repair, including VEGF, IGF, HGF, PGE
2
, and other soluble 

factors that exert mitogenic, antiapoptotic, proangiogenic and anti-inflam -
matory effects [17].

growth factors, cytokines, and 

polypeptides that provide the- 

rapeutic effects. Polypeptides 

secreted by MSCs have been 

shown to enhance epithelial 

proliferation, modulate inflam-

mation, and promote angio-

genesis, thus making MSCs 

good therapeutic candidates 

for renal injury. IGF-1 and HGF 

are two MSC-derived factors 

that promote renal blood flow 

and protect against ischemia 

[19]. Through the secretion of 

growth factors and cytokines, 

MSCs are able to exert com-

plex paracrine and endocrine 

signaling cascades that aid in 

repair during AKI.

Role of MSC-derived mi-

crovesicles in renal repair 

after injury

Interestingly, MSCs have re- 

cently been found to secrete 

another substance, microvesi-

cles, which were shown to 

exert anti-apoptotic effects, 

thus aiding in cell survival 

after injury. Microvesicles are 

small particles released from 

MSC in a paracrine fashion 

that deliver messenger RNA 

(mRNA), micro RNA, or pro-

teins that may function in 

reprogramming injured cells or 

promote secretion of cytopro-

tective factors [20]. Each of 
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generations. The GPSCs differentiated into all 

three germ layers from an embryoid body. The 

pluripotency was further confirmed by forma-

tion of teratomas in live mice [13].

The induced pluripotent ability of SSCs offer 

therapeutic potential and the ability of SSCs to 

differentiate into renal parenchymal cells has 

been established. Mouse spermatogonial stem 

cells transplanted into female mice kidneys 

developed into mature renal cells. The matura-

tion into renal tubule epithelial cells and glo-

merular podocytes was shown by the expres-

sion of Y chromosome. Though the exact mech-

anism remains unknown, the ability of sper-

matogonial stem cells to transform into renal 

parenchyma provides promising therapeutic 

potential in the treatment of AKI [14].

A second study was recently conducted in 

which GPSCs differentiated into functional 

renal tubular like cells (GTC). During differentia-

tion, GPSCs underwent tubulogenesis, stimu-

lated by type IV collagen and epidermal growth 

factor. The presence of tight junctions estab-

lished functionality of the GTCs and the lack of 

teratoma formation after GTC injection into 

mouse kidneys exhibited full differentiation. 

Induced renal injury (IRI) models were used 

based on a unilateral nephrectomy and subse-

quent kidney ischemia to assess GTC protec-

tive abilities against AKI. Mice that received 

GTC injections presented with marked reduc-

tions in serum creatinine levels compared to 

mice receiving a saline injection. Since creati-

nine levels are a marker for kidney function, the 

decreased levels indicate an improvement in 

kidney function. Histologic analysis of the isch-

emic kidney showed a lower number of necrotic 

tubules and therefore a reduction in tissue 

damage. There was even an elevation in protec-

tive enzyme levels in the GTC treated mice. 

These experiments established the ability of 

cells ultimately derived from spermatogonial 

stem cells to terminally differentiate into func-

tional renal tubular like cells and restore kidney 

function following ischemic insult [12].

Studies have also confirmed the ability of 

human SSC to spontaneously differentiate into 

human embryonic like cells under specific cul-

ture conditions. The human embryonic like cells 

expressed high levels of human ESC markers. 

The human embryonic like cells formed embry-

oid bodies in culture which were further suc-

cessful in differentiating into each of the three 

primary germ layers [15, 16]. In two separate 

studies, large teratomas were not formed from 

injection of human embryonic stem like cells 

into mice [15, 16]. This differs from the inclina-

tion of human ES cells and iPS cells to form 

teratomas.

SSCs provide a promising venue for the future. 

The ability to spontaneously convert into embry-

onic like cells without genetic modification sug-

gests they may be a better venue than iPSCs. 

The lack of large teratoma formation with an 

ability to ultimately differentiate into all three 

primary germ layers also presents therapeutic 

benefits. More research is needed to confirm 

the abilities of SSCs via GTCs to restore kidney 

function after insult, but preliminary research 

in mouse models, in addition to the established 

success of SSC to differentiate into renal paren-

chymal cells is a step toward developing an effi-

cient therapeutic approach for AKI.

Mesenchymal stem cells (MSC)

Mesenchymal stem cells (MSCs) are adult, non-

hematopoietic precursor cells derived most 

commonly from bone marrow, but can also be 

derived from a variety of tissues such as umbili-

cal cord blood, fetal membrane, and adipose 

tissue. MSCs are multipotent, meaning they 

can differentiate into more than one cell type, 

but not all cell types. MSCs are derived from 

the mesodermal germ layer and differentiate 

into mesenchymal (osteoblasts, adipocytes, 

and chondroblasts) as well as non mesenchy-

mal lineages [7]. Differentiation of MSCs into 

specific cell types can be directed under cer-

tain culture conditions. MSCs are isolated from 

a small sample of bone marrow and easily 

expanded in vitro. Unlike embryonic stem cells 

and iPSCs, MSCs are easily cultured and 

expanded. Thus, MSCs are a practical option 

for clinical therapies due to ease of prepara-

tion. MSCs remain among the top choices for 

cellular based therapies due to their immuno-

modulatory properties which reduce inflamma-

tion and the potential to ameliorate autoimmu-

nity. The multitude of therapeutic factors 

released by MSCs and their beneficial effects 

are demonstrated in Figure 1 [17]. Given the 

benefits of MSCs, they are currently undergoing 

clinical trials for a multitude of human diseas-

es, including AKI.
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