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Objective: In clinical situations in which rhabdomyolysis is common, renal dysfunction association with myo-

globinemia is well described. After coronary artery bypass grafting, a rapid increase in serum myoglobin concen-

tration is generally seen, but whether it might independently increase the risk of acute kidney injury remains to be

determined.

Methods: The study population consisted of 731 consecutive patients undergoing coronary artery bypass graft-

ing. Creatine kinase, myoglobin, and creatinine concentrations were assessed in each patient preoperatively and

postoperatively. Acute kidney injury was defined as an absolute increase in serum creatinine concentration of 0.3

mg/dL or greater.

Results: Overall, 295 (40.3%) of 731 patients had acute kidney injury. Patients’ risk profiles were significantly

worse in those with acute kidney injury, and 31 (4.2%) of 731 patients required dialysis. Acute kidney injury

was associated with a higher increase in serum myoglobin concentration after 1 hour from aortic declamping

(534 mg/mL [interquantile range, 354–733 mg/mL] vs 377 mg/mL [interquantile range, 278–528 mg/mL],

P< .0001), which persisted at 24 and at 48 hours. After adjusting for confounding factors, myoglobin concen-

tration was found to independently predict postoperative acute kidney injury (odds ratio, 1.0011 [1 mg/mL in-

crease]; 95% confidence interval, 1.0003–1.0019; P ¼ .005), and this result persisted when patients with

perioperative myocardial infarction were excluded from the analysis (odds ratio, 1.0007; 95% confidence inter-

val, 1.0002–1.0009; P ¼ .01). Myoglobin concentration had a better accuracy to discriminate patients having

acute kidney injury than creatine kinase concentration at any time.

Conclusions: An increase in laboratory findings of muscle injury postoperatively, especially serum myoglobin

concentration, predicts the incidence of acute kidney injury and renal replacement therapy requirement, as

reported in other surgical settings. Perioperative myocardial injury cannot totally explain the occurrence of

increased myoglobinemia. These results suggest an important role of skeletal muscle breakdown and necrosis

in determining an increased myoglobinemia concentration after coronary artery bypass grafting. (J Thorac Car-

diovasc Surg 2010;140:464-70)
Acute kidney injury (AKI) after coronary artery bypass

grafting (CABG) remains a significant cause of periopera-

tive morbidity and mortality.1 The postoperative incidence

of AKI has been assessed by using a variety of definitions,

with estimates ranging from 5% to 40%.1 Despite extensive

research in the prediction and treatment of this disease, there

has been limited success in altering patient outcomes.1 AKI

is believed to be mainly related to the adverse effects of car-

diopulmonary bypass (CPB), such as hypoperfusion and ac-

tivation of both innate and adaptive immune responses that

can extend renal injury.1 Off-pump CABG, avoiding the del-
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eterious effect of extracorporeal circulation, might reduce

the incidence of renal dysfunction after surgical interven-

tion. However, a beating heart technique can be challenging

and cumbersome and has been shown to have inferior results

with respect to long-term graft patency.2 Therefore we have

broadened our search for potential causes of kidney injury

after on-pump CABG beyond those classically posited.

In clinical situations in which rhabdomyolysis is com-

mon, especially those such as burn and severe muscle

trauma, renal dysfunction association with myoglobinemia

is well described.3 In surgical settings rhabdomyolysis-

induced AKI has been recently described after urologic4,5

and thoracoabdominal aortic surgery.6,7

After CABG with CPB, a marked increase in laboratory

findings of muscle injury, such as serum creatine kinase

(CK) and myoglobin concentrations, is generally seen, but

whether this phenomenon can independently affect postop-

erative kidney function remains to be determined. In addi-

tion, serum CK and myoglobin concentration increases are

generally considered a consequence of perioperative myo-

cardial injury, but no previous study has investigated
ery c August 2010



Abbreviations and Acronyms
ACEI/

ARB

¼ angiotensin-converting enzyme

inhibitor/angiotensin receptor blocker

AKI ¼ acute kidney injury

CABG ¼ coronary artery bypass grafting

CI ¼ confidence interval

CK ¼ creatine kinase

CPB ¼ cardiopulmonary bypass

cTnI ¼ cardiac troponin I

GFR ¼ glomerular filtration rate

IQR ¼ interquantile range

LOS ¼ low cardiac output syndrome

OR ¼ odds ratio

RBC ¼ red blood cell

ROC ¼ receiver operating characteristic

RRT ¼ renal replacement therapy
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whether skeletal muscle might represent a potential source

because of intraoperative hypoperfusion or unrelieved pres-

sure during prolonged operative time, as occurs in other

surgical settings.8

In the present analysis we sought to better characterize

the correlation between laboratory findings of muscle injury

after CABG with CPB and the postoperative incidence

of AKI.

MATERIALS AND METHODS
Patient Population

This study was reviewed and approved by the Institutional Review

Board of the University of Rome, and a waiver of consent was granted.

The authors have no conflicts of interest to disclose.

In the present study we analyzed consecutive patients undergoing iso-

lated CABG at our institution between May 2004 and May 2009 meeting

the following criteria: (1) all procedures occurred during CPB; (2) no pre-

operative renal failure requiring dialysis was present; and (3) no prior

cardiac surgeries were recorded. The study population consisted of 731 pa-

tients (median age, 68 years [IQR, 59–73 years]; 128 [17.5%] of 731 were

women).

Biochemical Analysis
Serum CK and myoglobin concentrations are generally used as indica-

tors of myocyte injury in patients with rhabdomyolysis. Therefore both of

them were assessed in each patient preoperatively (before sternotomy), early

postoperatively (at 1 hour after declamping), and at 24 hours. In addition,

cardiac troponin I (cTnI) concentrations were evaluated as a specific marker

of acute myocardial injury.

Blood samples were collected from each patient, and samples were im-

mediately cooled to 4�C and centrifuged at 3000 rpm for 10 minutes at 4�C.

Sera were stored at 270�C until assay. Myoglobin, CK, and cTnI concentra-

tions were measured by using immunometric technology (Diagnostic

Products Corp, Los Angeles, Calif).

Definitions
Data were prospectively collected and recorded in an electronic database

by physicians. Baseline serum creatinine values were defined as the values
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recorded just before surgical intervention. Serum creatinine values were

taken at 1 hour after declamping and measured at least once every 24 hours.

The 4-variable Modified Diet and Renal Disease equation was used to esti-

mate the baseline glomerular filtration rate (GFR).9 Based on National Kid-

ney Foundation definitions,10 chronic kidney disease was defined as a GFR

of less than 60 mL/min/1.73 m2. According to the consensus definition pro-

posed by the Acute Kidney Injury Network,11 AKI was defined as an abrupt

(within 48 hours) reduction in kidney function defined as an absolute in-

crease in serum creatinine concentration of 0.3 mg/dL or greater (�26.4

mmol/L) or a percentage increase of 50% or greater (1.5-fold from baseline).

We did not use urine output in defining AKI.

Consulting nephrologists made decisions about implementing postoper-

ative renal replacement therapy (RRT). Indications for RRT were metabolic

abnormalities (acidosis and hyperkalemia), anuria, and fluid overload. In all

cases continuous venous–venous hemofiltration was implemented.

According to a recent definition, perioperative myocardial injury was di-

agnosed when the cTnI concentration at 1 hour after aortic declamping was

greater than 0.92 ng/mL.12

Postoperative low cardiac output syndrome (LOS) was defined as the

need for a postoperative intra-aortic balloon pump or inotropic support

for longer than 30 minutes in the intensive care unit to maintain systolic

blood pressure at greater than 90 mm Hg.

Operative mortality was defined as all deaths occurring within 30 days

from surgical intervention.

The European System for Cardiac Operative Risk Evaluation (Euro-

SCORE)13 was derived to assess differences in patients’ risk profiles.
Statistical Analysis
Continuous variables are shown as medians with interquantile ranges

(IQR). All categorical data were displayed as percentages. Comparisons

were made with Mann–Whitney rank-sum tests and c2 tests as appropriate.

Nonnormally distributed variables were log transformed when required.

Receiver operating characteristic (ROC) curve analysis was used to as-

sess the accuracy of postoperative serum CK and myogloblin concentrations

to discriminate patients with AKI or requiring RRT. Comparison of areas

under the ROC curve was used identify the value with the best accuracy

that was further used for the final analysis.

The Spearman rank test was used to assess unadjusted associations be-

tween AKI and other potential confounding factors, which were selected

on the basis of a literature review and clinical plausibility. These variables

included (1) demographic characteristics, such as age, sex, and body mass

index; (2) clinical risk factors, including preoperative GFR, diabetes melli-

tus, hypertension, peripheral vascular disease, preoperative New York Heart

Association class III/IV, left ventricular ejection fraction of less than 0.50,

myocardial infarction within 30 days, and emergency surgical intervention

or cardiac angiography within 24 hours before surgical intervention; (3) pre-

operative medications, such as angiotensin-converting enzyme inhibitors/

angiotensin receptor blockers (ACEIs/ARBs) and statins; (4) procedural

characteristics, such as the number of grafts per patient and CPB time;

and (5) postoperative variables, including perioperative myocardial injury

and red blood cell (RBC) transfusion rate.

A stepwise multivariate logistic regression analysis was performed,

adjusting for all confounding factors significantly associated with AKI at

univariate analysis, to assess the independent effect of covariates on postop-

erative AKI. The variance inflation factor was used to assess multicollinear-

ity among variables. Variance inflation factor values exceeding 5.0 were

regarded as indicating multicollinearity. When present, multicollinearity

was addressed by (1) removing variables with the weaker relationship

with the dependent variable or (2) combining variables.

Model-fit analysis was evaluated with the Hosmer–Lemeshow

goodness-of-fit statistic. Odds ratios (ORs) and their associated 95% confi-

dence intervals (CIs) were estimated. The Statistical Package for the Social

Sciences, version 11 (SPSS, Inc, Chicago, Ill), was used for statistical

analysis.
rdiovascular Surgery c Volume 140, Number 2 465



TABLE 1. Clinical and procedural characteristics of patients

according to the occurrence of AKI

AKI

Variables

No

(n ¼ 436)

Yes

(n ¼ 295) P value

Demographics

Age median (y),

median (IQR)

66 (58–72) 69 (62–74) <.0001

Female sex (%) 15.6 19.7 .09

BMI (kg/m), median (IQR) 26 (24–29) 26 (24–29) .3

Clinical risk factors

Preoperative GFR

(mL/min/1.73 m2),

median (IQR)

68 (57–81) 62 (49–76) .0001

Diabetes mellitus (%) 37.4 41.7 .3

Hypertension (%) 91.3 94.9 .059

Peripheral vascular

disease (%)

14.9 13.9 .7

Preoperative NYHA

functional class

III–IV (%)

14.2 19.0 .08

Left ventricular ejection

fraction<0.50 (%)

28.4 37.5 .02

Prior myocardial infarction

within 30 d (%)

36 44 .03

Emergency operation (%) 10.3 18.3 .0025

Catheterization within 24 h

before operation

11.2 20.6 .007

Additive EuroSCORE,

median (IQR)

5.0 (3.0–8.0) 7.0 (4.0–9.0) <.0001

Preoperative medications

ACEI/ARB (%) 64.2 54.3 .009

Statins (%) 73.6 75.6 .6

Procedural characteristics

No. of grafts/patient,

median (IQR)

3 (2.0–3.0) 3 (3.0–3.0) .11

CPB time (min), median

(IQR)

101 (82–120) 107 (89–128) .0073

Postoperative variables

Perioperative myocardial

injury (%)

13.8 20.8 .017

Low cardiac output

syndrome (%)

5.1 11.3 .003

Red blood cell transfusion

rate (%)

56.7 71.2 .0001

AKI, Acute kidney injury; IQR, interquantile range; BMI, body mass index; GFR, glo-

merular filtration rate; NYHA, New York Heart Association; ACEI, angiotensin-

converting enzyme inhibitor; ARB, angiotensin receptor blocker; CPB, cardiopulmo-

nary bypass.
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RESULTS
Incidence of AKI

Overall, 295 (40.3%) of 731 patients had AKI. Patients’

risk profiles were significantly worse in patients with AKI.

They were older and more often had a recent myocardial

infarction. In addition, they were more likely to have re-

duced GFR, a left ventricular ejection fraction of less
466 The Journal of Thoracic and Cardiovascular Surg
than 0.50, emergency surgical intervention, and catheteri-

zation within 24 hours before surgical intervention.

ACEIs/ARBs were more likely taken by patients who did

not experience AKI. Finally, AKI was associated with

a prolonged CPB time, a higher incidence of preoperative

myocardial injury, and a higher rate of RBC transfusion

(Table 1). Thirty-one (4.2%) of 731 patients required

RRT. The median postoperative length of intensive care

unit stay in survivors with AKI was 5.4 days (IQR, 3.9–

6.8 days) compared with 2.0 days (IQR, 1.0–3.0 days)

for patients without AKI (P< .0001). The median postop-

erative length of intensive care unit stay in survivors requir-

ing RRT was 11 days (IQR, 4–26 days) compared with 2.0

days (IQR, 1.0–3.0 days) for patients who did not require

RRT (P< .0001).

Operative Mortality
Overall, the operative mortality rate was 21 (2.8%) of

731. The operative mortality rate for patients with AKI

was 6.4% compared with 0.45% for patients without AKI

(P< .0001) and 37% for patients who required postopera-

tive dialysis compared with 1.2% for patients who did not

(P< .0001).

Unadjusted Association Between Markers of Muscle
Injury and AKI

As previously reported, we observed serum myoglobin

concentrations peak early after surgical intervention

(at 1 hour after declamping, 426 mg/mL [IQR, 308–622

mg/mL]; at 24 hours, 344 mg/mL [IQR, 189–657 mg/mL];

at 48 hours, 171 mg/mL [IQR, 92–313 mg/mL]). Meanwhile,

the serum CK concentration had its peak concentration later

(at 1 hour after declamping, 332 U/L [IQR, 227–489 U/L];

at 24 hours, 625 U/L [IQR, 417–1039 U/L]; at 48 hours,

475 U/L [IQR, 283–836 U/L]). Comparison of ROC curves

(Figure 1) showed that serum myoglobin concentration had

a better accuracy for discrimination of patients with AKI

than CK concentration at any time (Table 2). Serum myoglo-

bin concentration at 1 hour after declamping had the best

predictive power when compared with serum myoglobin

concentrations at 24 and 48 hours. Therefore this value

was further used to assess the association between the extent

of perioperative muscle injury and the incidence of AKI.

The preoperative serum myoglobin concentration was

similar among patients with and without AKI (156 mg/mL

[IQR, 104–193 mg/mL] vs 149 mg/mL [IQR, 99–188],

P ¼ .23). Postoperatively, AKI was associated early with

a higher increase in serum myoglobin concentration just 1

hour after aortic declamping (534 mg/mL [IQR, 354–733

mg/mL] vs 377 mg/mL [IQR, 278–528 mg/mL], P< .0001),

which persisted at 24 hours (481 mg/mL [IQR, 264–930

mg/mL] vs 275 mg/mL [IQR, 163–476 mg/mL], P< .0001)

and 48 hours (256 mg/mL [IQR, 115–453 mg/mL] vs 142

mg/mL [IQR, 120–170 mg/mL], P< .0001). Indeed, serum
ery c August 2010



FIGURE 1. Serum myoglobin concentration in patients with acute kidney injury (dashed line) and those who did not have acute kidney injury (solid line).

ROC, Receiver operating characteristic; AUC, area under the receiver operating characteristic curve; CI, confidence interval; CK, creatine kinase.
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creatinine concentration shows a slight decrease at 1 hour

manly related to hemodilution, and renal function deteriora-

tion was evident in the AKI group only 24 hours after

declamping (Figure 2). A marked postoperative increase in

serum myoglobin concentration was seen at 1 hour after

declamping (980 mg/mL [IQR, 568–1818 mg/mL] vs 331

mg/mL [IQR, 187–628 mg/mL], P< .0001) and at 24 hours

(600 mg/mL [IQR, 305–1516 mg/mL] vs 289 mg/mL [IQR,

192–303 mg/mL], P < .0001) in patients who required

RRT in comparison with that seen in patients who did not.

ROC curve analysis showed that an early serum myoglobin

concentration of greater than 465 mg/mL predicted AKI

with a sensitivity of 60% and a specificity of 67%, and

a value greater than 790 mg/mL predicted RRT requirement

with a sensitivity of 67% and a specificity of 74% (area

under the ROC curve, 0.65; 95% CI, 0.61–0.70; P ¼ .04).

When patients with perioperative myocardial injury were

excluded (n¼ 117/731 [16%]), AKI continued to be associ-

ated with a higher increase in serum myoglobin concentra-

tion at 1 hour after aortic declamping (490 mg/mL [IQR,

331–656 mg/mL] vs 370 mg/mL [IQR, 270–557 mg/mL],

P ¼ .0002) and at 24 hours (463 mg/mL [IQR, 259–930

mg/mL] vs 293 mg/mL [IQR, 166–523 mg/mL], P< .0001),

with no significant differences in cTnI concentrations at 1

hour after aortic declamping (0.6 ng/mL [IQR, 0.3–0.8] vs

0.6 ng/mL [IQR, 0.4–0.8 ng/mL], P ¼ .27), at 24 hours

(1.2 mg/mL [IQR, 0.7–2.8 mg/mL] vs 1.3 mg/mL [IQR,

0.7–3.0 mg/mL], P ¼ .67), and at 48 hours (0.9 mg/mL
TABLE 2. Pairwise comparison of ROC curves for myoglobin versus

CK power to predict AKI at 1, 24, and 48 hours after aortic declamping

6 AUC SE 95% CI P value

1 h 0.114 0.0362 0.0381–0.180 <.001

24 h 0.104 0.0276 0.0503–0.159 <.001

48 h 0.109 0.0288 0.0578–0.171 .003

ROC, Receiver operating characteristic; CK, creatine kinase; AKI, acute kidney injury;

AUC, area under the receiver operating characteristic curve; SE, standard error; CI,

confidence interval.
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[IQR, 0.3–2.1 mg/mL] vs 1.0 mg/mL [IQR, 0.5–3.1 mg/mL],

P ¼ .5).

Predictors of AKI
After adjusting for confounding factors, serum myoglobin

concentration at 1 hour was found to independently predict

postoperative AKI (OR, 1.0011 [1 mg/mL increase]; 95%
CI, 1.0003–1.0019; P ¼ .005), and this result persisted

when patients with perioperative myocardial infarction

were excluded from the analysis (OR, 1.0007; 95% CI,

1.0002–1.0009; P ¼ .01). When early postoperative serum

myoglobin concentration was considered as a dichotomous

variable, a cutoff value of greater than 465 mg/mL was asso-

ciated with a 2.6-fold increase in AKI (95% CI, 1.7–4.0;

P<.0001). Instead, postoperative cTnI concentration failed

to show an independent effect on the incidence of AKI when

it was entered either as perioperative myocardial injury (OR

in enter method, 1.002; 95% CI, 0.97–1.03; P ¼ .87) or as

a continuous variable (OR in enter method, 1.00 [1 ng/mL

increase]; 95% CI, 0.97–1.03; P ¼ .82).

Other independent predictors of postoperative AKI (Table

3) were baseline GFR (P ¼ .02), emergency surgical inter-

vention (P ¼ .002), catheterization within 24 hours before

surgical intervention (P ¼ .008), preoperative ACEIs/

ARBs (P ¼ .04), CPB time (P ¼ .007), postoperative LOS

(P ¼ .001), and RBC transfusion (P ¼ .03).

The multivariate model significantly predicted the occur-

rence of AKI (model c2 ¼ 45, P< .0001). The model was

well calibrated among deciles of observed and expected

risk (Hosmer–Lemeshow c2 ¼ 13, P ¼ .19).

Early postoperative serum myoglobin concentration also

predicted postoperative RRT requirement (OR, 1.0005 per

1 mg/mL increase; 95% CI, 1.0002–1.0009; P ¼ .003) after

adjusting for baseline GFR (OR, 0.96 per 1 mL/min/1.73 m2

decrease; 95% CI, 0.93–0.99; P ¼ .01) and LOS (OR, 2.3;

95% CI, 1.31–5.9; P ¼ .04; model: c2 ¼ 17; P ¼ .0006).

When early postoperative serum myoglobin concentration

was considered as a dichotomous variable, a cutoff value
rdiovascular Surgery c Volume 140, Number 2 467



FIGURE 2. Kinetics of myoglobin and creatinine concentrations in pa-

tients with acute kidney injury (AKI; solid line) and those without AKI

(dashed line) at baseline (0), 1 hour, 24 hours, and 48 hours after declamp-

ing, respectively.

TABLE 3. Logistic regression*,y analysis of factors related to the

occurrence of postoperative AKI

Variables

Adjusted

odds ratio 95% CI

P

value

Preoperative GFRz 0.98 0.97–0.99 .002

Emergency operation 2.46 1.36–4.45 .002

Catheterization within 24 h

before operation

1.8 1.1–3.8 .008

ACEI/ARB 0.84 0.65–0.99 .04

CPB timex 1.005 1.001–1.02 .007

Postoperative LOS 2.5 1.3–4.1 .001

Postoperative RBC transfusion 1.62 1.04–2.51 .03

Serum myoglobin concentration 1 h

after declamping (continuous)k
1.001 1.0003–1.001 .005

AKI, Acute kidney injury; CI, confidence interval; GFR, glomerular filtration rate;

ACEI/ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker;

CPB, cardiopulmonary bypass; LOS, low cardiac output syndrome; RBC, red blood

cell. *Model c2 ¼ 45, P < .0001. yHosmer–Lemeshow c2 ¼ 13, P ¼ .19. zFor

1 mL/min/1.73 m2. xPer 1-minute increase. kPer 1 mg/mL increase.
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of greater than 790 mg/mL was associated with a 4.2-fold in-

crease of RRT requirement (95% CI, 1.4–12; P ¼ .01).

Figure 3 is useful to obtain the probability to require RRT

according to early serum myoglobin concentrations in pa-

tient with and without chronic kidney disease (GFR <60

mL/min/1.73 m2). As expected, higher values were better

tolerated in patients without chronic kideny disease.
FIGURE 3. Prediction curves for renal replacement therapy (RRT) require-

ment for patients without chronic kidney disease* (dashed line) and patients

with chronic kidney diseasey (solid line). *Model definition: Y ¼ aþb/ln

(x). Adjusted coefficient of multiple regression Ra
2¼ 0.59. yAdjusted coef-

ficient of multiple regression Ra
2 ¼ 0.58.
Predictors of Postoperative Serum Myoglobin
Concentration

A stepwise linear regression analysis was implemented

to identify independent predictors of postoperative serum

myoglobin concentration (log transformed). They were age

(r¼ 0.17, P¼ .0003), CPB time (r¼ 0.211, P¼ .0001), ex-

tracardiac arteriopathy (r¼ 0.10, P¼ .04), body mass index

(r¼ 0.14, P¼ .001), and perioperative myocardial infarction

(r ¼ 0.15, P ¼ .004; model multiple: r ¼ 0.33, P< .001).
468 The Journal of Thoracic and Cardiovascular Surg
When patients with perioperative myocardial infarction

were excluded from the analysis, postoperative serum myo-

globin concentration continued to be associated with age

(r ¼ 0.19, P ¼ .0001), CPB time (r ¼ 0.24, P ¼ .0001), ex-

tracardiac arteriopathy (r ¼ 0.17, P ¼ .01), and body mass

index (r ¼ 0.21, P< .001).

A further analysis including 73 patients undergoing iso-

lated off-pump CABG during the study period was per-

formed to better characterize the relationship among CPB,

myocyte enzyme release, and the incidence of AKI.
ery c August 2010
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The off-pump group showed a significantly lower inci-

dence of AKI (n ¼ 20/73 [27.4%]) when compared with

the on-pump group (P ¼ .03), and this advantage was con-

firmed after adjusting for other relevant risk factors (OR,

0.45; 95% CI, 0.25–0.81; P ¼ .008). Interestingly, off-

pump procedures were associated with significantly lower

serum myoglobin (343 mg/mL [IQR, 192–695 mg/mL])

and CK (447 U/L [IQR, 297–762 U/L]) peak concentrations

when compared with on-pump procedures (P ¼ .01 and

P ¼ .0006, respectively).

DISCUSSION
Rhabdomyolysis is well known to be responsible for renal

dysfunction in clinical situations, such as burns and severe

muscle trauma.3 In fact, with muscle injury, large quantities

of myoglobin leak into the circulation and precipitate in the

renal glomerulus, causing renal tubular obstruction and leading

to renal damage.3 Recently, it has been suggested that

myoglobinemia-induced AKI might play an important role in

surgical settings, such as urologic4,5 and thoracoabdominal

aortic6,7 surgery.

In patients undergoing CABG with CPB, the prevailing

theory is that kidney injury is mainly caused by hypoperfu-

sion or activation of immune responses.1 The present study

suggested that the increases in laboratory findings seen with

muscle injury postoperatively, especially serum myoglobin

concentrations, predicts the incidence of AKI and RRT re-

quirement, as reported in other surgical setting.4-7 Our

findings showed that perioperative myocardial injury

cannot totally explain the occurrence of increased

myoglobinemia because an increased serum myoglobin

concentration persisted when patients with perioperative

myocardial injury were excluded from the analysis.

Because no other relevant sources of myoglobin are

currently known besides skeletal muscle,3 these results sug-

gest an important role of skeletal muscle breakdown and ne-

crosis in determining increased myoglobinemia after

CABG. The risk of rhabdomyolysis might be relevant

when concurrent risk factors, such as obesity,14 peripheral

vascular disease, and prolonged operative time,8 are present.

The diagnosis of rhabdomyolysis is confirmed by labora-

tory studies. CK concentrations are the most sensitive indi-

cator of myocyte injury in patients with rhabdomyolysis.3

However, the present study demonstrated that in patients un-

dergoing CABG, postoperative myoglobin concentration

had the best accuracy to predict the occurrence of AKI

when compared with CK concentration. This result is not

surprising because increased serum myoglobin concentra-

tions are the main cause in the development of

rhabdomyolysis-induced AKI. In fact, they can precipitate

and cause renal tubular obstruction, leading to renal

damage.3

As previously reported,12 we found that serum myoglobin

concentrations rapidly increased after surgical intervention.
The Journal of Thoracic and Ca
Thus its early determination, just before 1 hour after de-

clamping, might permit us to promptly recognize patients

at higher risk for AKI. In fact, patients with a more evident

increase in early postoperative serum myoglobin concentra-

tion were more likely to present with a deterioration of renal

function during the following 48 hours, and this detrimental

effect persisted after adjusting for relevant confounding fac-

tors, such as preoperative renal function, catheterization

within 24 hours before surgical intervention, and periopera-

tive medications.

The off-pump technique has been consistently associated

with a reduction in the incidence of AKI.2 In addition, off-

pump CABG is related to a significantly lower concentration

of myoglobin and CK postoperatively when compared with

conventional procedures on CPB.12 Our analysis confirmed

these previously reported results, thus suggesting that the

benefit of avoiding CPB on renal function might be partially

explained by lower myoglobin concentrations after surgical

intervention.

Mechanisms of Myoglobin-Induced AKI
Myoglobin is a low-molecular-weight heme protein that is

abundant in cardiac and skeletal muscles but not in smooth

muscle. Myoglobin is rapidly released from the necrotic mus-

cle, with subsequent rapid renal clearance. High serum myo-

globin concentrations have been shown to play a dominant

role in the pathogenesis of rhabdomyolysis-induced renal

failure.3 The basic mechanisms involved in its pathophysiol-

ogy include the following15-19: (1) renal constriction and

ischemia, (2) myoglobin cast formation in the distal

convoluted tubules, and (3) direct cytotoxic action of

myoglobin on the epithelial cells of the proximal

convoluted tubules.15 The coexisting hypovolemia and acid

pH of urine, because of metabolic acidosis, are regulating

factors that intensify the nephrotoxic action of myogloblin.

Possible Sources of Extracardiac Myoglobin Increase
After CABG

Although initially recognized solely as a posttraumatic se-

quela, nontraumatic causes of rhabdomyolysis, including

surgical operations, are now hypothesized. A main mecha-

nism advocated for intraoperative rhabdomyolysis is skele-

tal muscle ischemia caused by localized compression

during extended periods of immobilization, particularly in

patients with hypotension. It is possible that direct and

prolonged compression of gluteal and back muscles against

the operating table, accompanied by a patient’s overweight

status, might led to significant rhabdomyolysis during pro-

longed operative time, and this process might be particularly

enhanced by CPB-related hypotension.

A further consideration is the possibility that pre-existing

peripheral vascular disease might increase the risk for rhab-

domyolysis after CABG, exacerbating peripheral hypoper-

fusion.
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Limitations of the Study
This study has some limitations. Although we identified

the association between serum myoglobin concentration

and the incidence of AKI and RRT requirement, causality

cannot be proved. In addition, the multivariate model was

modest in prediction of postoperative RRT because of the

small number of events. Finally, we did not attempt to iden-

tify direct muscular insult or injury in this group of patients,

particularly given the difficulty of assessing muscular

symptoms beyond gross movement and sensation during

the first 3 postoperative days in this population of patients,

who are often still sedated during this time period. Al-

though few other sources of myoglobin are currently known

besides cardiac and skeletal muscle, the evidence for occur-

rence of ‘‘textbook’’ rhabdomyolysis beyond documented

myoglobinemia is admittedly circumstantial in these

patients.

Clinical Implications
The present analysis has several important therapeutic im-

plications. This study found a strong correlation between

myoglobin release and the incidence of AKI after CABG.

Because myoglobin reaches its peak concentration early af-

ter surgical intervention, its determination permits us to

promptly identify patients at higher risk for AKI. In these pa-

tients an appropriate treatment should be promptly started.

Aggressive fluid replacement with saline is beneficial in

minimizing the occurrence of renal failure requiring dialy-

sis.3 Alkalinization through the use of bicarbonate is contro-

versial but might reduce formation of myoglobin crystals

and lipid peroxidation.3

Finally, to reduce the risk of rhabdomyolysis in high-risk

patients, such as older obese subjects with peripheral vascu-

lar disease, it might be useful to maintain a higher flow and

arterial pressure during CPB and, when feasible, to limit the

duration of the operation.

Further studies are needed to better characterize risk factor

interactions and to develop novel therapeutic strategies in

the prevention and treatment of myoglobinemia-related

AKI after CABG.
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