
Comparison of Bretschneider’s Histidine–tryptophan–
ketoglutarate Cardioplegia Solution and Conventional Blood 
Cardioplegia Solution in Terms of Postoperative Acute Kidney 
Injury and Outcome Parameters

Objectives: This study aimed to compare Bretschneider’s histidine–tryptophan–ketoglutarate (BHTK) and blood cardioplegia in terms of postop-
erative acute kidney injury (AKI) and outcome parameters in patients who underwent open-heart valve surgery.
Methods: A total of 94 patients who underwent open-heart valve surgery between January 2016 and November 2021 were retrospectively evalu-
ated. According to the administration of BHTK and blood cardioplegia, patients were stratified into two groups. Postoperative Kidney Disease Im-
proving Global Outcomes was compared in terms of development of AKI and outcomes according to staging. 
Results: A total of 31 patients in the BHTK group and 63 patients in the blood cardioplegia group were evaluated. No statistical difference was found 
between the groups in terms of postoperative AKI (p>0.05). Postoperative 24 and 48 h blood urea nitrogen (BUN) was higher in the BHTK group (p=0.007 
and p=0.023). This difference equalized on the 7th day. No statistical difference was found in the mechanical ventilation time, intensive care unit and 
hospital stay, and 30-day mortality.
Conclusion: Literature evaluating the systemic effects of BHTK solution is limited. In our study, although no difference was found between BHTK 
and blood cardioplegia in terms of AKI development, the increase in BUN in the BHTK group was remarkable. Further studies exploring the clinical 
impact of this finding are warranted.
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Introduction
Cardioplegia solutions are formulations that induce dia-
stolic arrest in the heart to maintain cardiac immobility 
and a blood-free surgical field during open-heart surgery. 
Through preserving myocardial energy reserves, prevent-
ing osmotic and electrolyte imbalances, and buffering 
acidosis, these solutions basically increase tolerance to 
ischemia and reperfusion injury.[1] Bretschneider’s histi-

dine–tryptophan–ketoglutarate (BHTK or Custodiol) solu-
tion is an intracellular crystalloid cardioplegia solution that 
also contains histidine–tryptophan–ketoglutarate with 
trace amounts of calcium (Ca) to hamper low sodium (Na) 
and calcium paradox.[2]

Blood cardioplegia content can vary. It is usually acquired 
by mixing the autologous blood extracted from the extra-
corporeal circulation with the crystalloid solution (contain-
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ing sodium bicarbonate [NaHCO3], magnesium [Mg], and 
potassium chloride [KCl], among others) in different pro-
portions when the patient is in cardiopulmonary bypass 
(CPB) and is used in repeated doses.[1]

The development and use of a BHTK cardioplegia solution 
remarkably improves myocardial protection during open-
heart surgery. However, a few clinical studies[3] have reported 
on the metabolic changes caused by this crystalloid cardio-
plegia solution, which enters the systemic circulation in large 
volumes, and its influence on end organs such as the kidney.

The most prevalent complication following cardiac surgery 
is acute kidney injury (AKI), with reported incidence rates 
ranging from 5%–43%.[4] AKI is a clinical condition associat-
ed with substantial mortality and morbidity, independent 
of other variables.[5] A mortality rate of 60% was observed 
in patients who develop postoperative AKI. The mortality 
rate following open-heart surgery ranges from 2%–8% and 
reaches 60% in patients who develop postoperative AKI.[6,7]

This study aimed to compare BHTK cardioplegia solution 
and conventional blood cardioplegia solution in terms of 
development of postoperative AKI and outcomes in pa-
tients who underwent open-heart valve surgery.

Methods
After the ethics committee approval was obtained with the 
decision number 586 dated 12.23.2021, 94 patients who 
underwent open-heart surgery for aortic valve replace-
ment (AVR), mitral valve replacement (MVR), and AVR + 
MVR between January 2016 and November 2021 in Izmir 
Katip Çelebi University Atatürk Training and Research Hos-
pital Cardiovascular Surgery clinic were retrospectively 
reviewed. From the archives, the hospital information op-
erating system and file records were used. Patients with a 
known acute renal failure, chronic renal failure, total cir-
culatory arrest, and cerebral perfusion during CPB were 
excluded from the study. Patients were stratified into two 
groups based on the administration of BHTK and blood 
cardioplegia. Demographic data such as comorbidities, his-
tory of contrast agent use within the last week, history of 
cardiac surgery, revision surgery, preoperative ECG rhythm, 
and nephrotoxic agent use were extracted.

Creatinine clearance (CC) was determined using the Cock-
croft–Gault formula (CC [mL/min]=(140-age [years]×-
weight [kg]×[0.85 if female]/[72×serum creatinine [mg/
dL]). The inotrope score (IS) was determined using the for-
mula IS=dopamine dose (mcg/kg/min) + dobutamine dose 
(mcg/kg/min)+100×epinephrine dose (mcg/kg/min).

Moreover, the preoperative results of the complete blood 
count, biochemistry, coagulation parameters, and transtho-
racic echocardiography were recorded. Also, whether the 

case was an emergency or elective surgery, surgery type, 
cross-clamp duration, CPB duration, surgery duration, intra-
operative IS, amount of ultrafiltration during CPB, amount 
of intraoperative fluid administered, amount of intraoper-
ative diuresis and diuretic use, intraoperative defibrillation 
requirement, and intra-aortic balloon pump (IABP) use 
were recorded. In addition to these, such data as postopera-
tive IS, amount of drainage in the first 24 h, extubation time, 
length of intensive care unit stay, length of hospital stay, ar-
rhythmia, new-onset atrial fibrillation (AF), IABP administra-
tion, need for renal replacement therapy, 30-day mortality, 
AKI (according to Kidney Disease Improving Global Out-
comes [KDIGO] grading scale), and postoperative complica-
tions (respiratory, neurological, gastrointestinal, bleeding, 
and infection complications) were also recorded. This study 
was conducted in accordance with the 1964 Declaration of 
Helsinki and its subsequent amendments.

Cardioplegia Administration
A blood cardioplegia solution was prepared using 3 mmol 
Mg, 30 mmol potassium (K), and 10 mmol NaHCO3 into 1 L 
of isothermic blood content to achieve cardiac arrest in pa-
tients receiving blood cardioplegia as a standard. The BHTK 
solution composition is shown in Table 1.

To maintain cardiac arrest, cardioplegia was repeated every 
20 min in patients receiving antegrade blood cardioplegia. 
In cases where both antegrade and retrograde cardiople-
gia were used, retrograde cardioplegic solution was contin-
uously administered 20 min after antegrade cardioplegia. 
Conversely, in cases where the BHTK solution was adminis-
tered, it was repeated 90 min later if warranted.

Statistical Methods
All statistical analyses were conducted using SPSS 22 pro-
gram. Descriptive statistics was expressed using mean and 
standard deviation for continuous variables and numbers 

Table 1. BHTK (custodiol) solution components

Components Concentration (mmol/L)

Na 15
K 9
Mg 4
Ca 0.02
Histidin 198
Triptofan 2
α-ketoglutarat 1
Mannitol 30
pH 7.02–7.20
Osmolarite 290 mosmol/kg

BHTK: Bretschneider histidine tryptophan ketoglutarate.
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and percentages for categorical variables. Prior to analysis, 
conformation of data to the normal distribution was eval-
uated using skewness and kurtosis values, normality tests, 
and histogram graphics. To determine the differences in the 

mean values between the groups, the independent variables 
T test or dependent variables T test was used for the vari-
ables that conformed to the normal distribution. The Mann–
Whitney U test or Wilcoxon test was used for the variables 

Table 2. Sociodemographic characteristics and preoperative clinical findings of the patients

Variables  Blood   BHTK  p 
  cardioplegia  cardioplegia 
  (n=63)    (n=31)

 n  % n  %

Age  56.22±13.07  50.03±14.74 0.041*
EuroSCORE II  1.48±1.03   2.23±1.34  0.001*
STS risk of death  1.23±0.86   1.65±1.12  0.043*
STS kidney damage  1.13±0.90   1.47±1.09  0.122
STS mortality/morbidity  8.60±4.02   10.79±4.64  0.045
Sex (male) 33  52.4 15  48.4 0.716
Smoking 24  38.1 14  45.2 0.512
Hypertension 28  44.4 13  41.9 0.818
Diabetes 6  9.5 7  22.6 0.085
Coronary artery disease 20  31.7 10  32.3 0.960
Myocardial infarction 0  0 1  3.2 0.330
Heart failure 4  6.3 5  16.1 0.128
Decreased LVEF (<35%) 1  1.6 4  12.9 0.039*
Dyslipidemia 9  14.3 4  12.9 0.855
Carotid artery stenosis 2  3.2 0  0 0.447
Peripheral artery disease 0  0 1  3.2 0.330
COPD 10  15.9 2  6.5 0.198
Asthma 3  4.8 2  6.5 0.536
Stroke 9  14.3 4  12.9 0.855
Contrast history within 1 week 23  36.5 7  22.6 0.173
Cardiac surgery history 9  14.3 12  38.7 0.008*
Redo case 9  14.3 10  32.3 0.041*
Pre-op atrial fibrillation 24  38.1 15  48.4 0.341
Pre-op atrial flutter 1  1.6 0  0 0.670
Drug use 63  100 31  100 –
Insülin 2  3.2 3  9.7 0.199
Beta blocker 43  68.3 26  83.9 0.107
Statin 6  9.5 3  9.7 0.623
Aspirin 51  81 23  74.2 0.452
Diuretic 39  61.9 24  77.4 0.133
Steroid 1  1.6 1  3.2 0.553
Nephrotoxic drug use 10  15.9 9  29 0.135
ACEI/ARB 10  15.9 6  19.4 0.673
Aminoglycoside 0  0 1  3.2 0.330
Amphotericin B 0  0 0  0 –
Cyclosporine/tacrolimus 0  0 0  0 –
NSAID 0  0 3  9.7 0.034*
Vancomycin 0  0 1  3.2 0.330

*: p<0.05 was considered statistically significant. Values are expressed as frequency (%), mean±SD and n. BHTK: 
Bretschneider histidine tryptophan ketoglutarate; EuroSCORE: European System for Cardiac Operative Risk Evaluation; STS: 
Society of thoracic surgeons; LVEF: Left ventricular ejection fraction; COPD: Chronic obstructive pulmonary disease; ACEI: 
angiotensin converting enzyme inhibitor; ARB: Angiotensin-2 rejeptor blocker; NSAID: non-steroidal anti-inflammatory drug.
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that did not fit the normal distribution. To determine the dif-
ferences in the categorical variables between groups, a Ki-
square test or Fischer’s exact test was used. The difference in 
the values between the means of repeated measurements in 
the groups were evaluated using the Mann–Whitney U test. 
Furthermore, in cases of more than two time zones, the eval-
uation of time, groups, and joint effect was conducted using 
the two-way analysis of variance test on repeated measures. 
Post hoc analyses were performed using the Bonferroni test. 
In all analyses, statistical significance was set at p<0.05.

Results
Of the 94 patients (mean age 54.18±13.88 years, 48 males 
and 46 females), 31 were in the BHTK group and 63 in the 
blood cardioplegia group. The demographic characteristics 
and preoperative findings of the patients are shown in Table 
2. In the BHTK group, the left ventricular ejection fraction 

was lower, while the number of patients with a history of re-
peated surgery and cardiac surgery was greater, including 
the cross-clamp time, CPB time, operation time, and intraop-
erative IS, each being greater. No significant difference was 
found between the two groups regarding IABP use, the need 
for intraoperative defibrillation, postoperative arrhythmia, 
new-onset AF, or the need for a pacemaker. Table 3 presents 
the surgical procedures, intraoperative data, and a compari-
son of cardioplegia varieties and number of patients.

No difference was found between the two groups in terms 
of postoperative AKI development, 30-day mortality, 
new-onset AF, and other complications (Table 4).

Comparing the blood urea nitrogen (BUN) value according 
to time and cardioplegia type and determining the com-
mon effect, a significant difference was found in both car-
dioplegia groups according to time (p<0.05). Postoperative 

Table 3. Comparison of the surgery types and intraoperative data of the patients

Variables  Blood   BHTK  p 
   cardioplegia   cardioplegia 
   (n=63)    (n=31)

  n  % n  %

Total amount of antegrade cardioplegia (mL)  1128.57±457.61   1277.41±431.82  0.064
Total amount of retrograde cardioplegia (mL)  1941.26±1478.84   0±0  –
Cross clamp time (min)  68.88±24.15   85.09±28.66  0.009*
CPB duration (min)  101.44±31.46   120.09±28.72  0.007*
Operation time (min)  211.26±48.04   250.41±53.88  0.001*
Intraoperative inotrope score  24.52±36.44   33.23±35.76  0.049*
Ultrafiltration amount (mL)  122.22±318.99   567.74±672.12  0.0001*
Preoperative CVP  10.77±4.08   11.87±4.25  0.232
Total amount of fluid given (mL)  4099.84±953.29   3887.09±1199.02 0.353
Total amount of diuresis (mL)  1861.58±867.36   2170.96±855.15  0.106
Type of surgery
 AVR 25  39.7 9  29 0.512
 MVR 30  47.6 16  51.6
 AVR+MVR 8  12.7 6  19.4
Urgency of surgery 1  1.6 0  0 0.670
Defibrillation need 19  30.2 9  29 0.911
IABP use 0  0 2  6.5 0.106
Intra operative diuretic use 28  44.4 18  58.1 0.214
Intra op ERT (unit)
 0 37  58.7 15  48.4 0.514
 1 12  19 9  29
 ≥2 14  22.2 7  22.6
Intra op FFP (unit)
 0 42  66.7 18  58.1 0.318
 1 11  17.5 4  12.9
 ≥2 10  15.9 9  29

*: p<0.05 was considered statistically significant. Values are expressed as frequency (%), mean±SD and n. BHTK: Bretschneider histidine tryptophan ketoglutarate; CPB: Cardiopulmonary 
bypass; CVP: Central venous pressure; AVR: Aortic valve replacement; MVR: Mitral valve replacement; IABP: Intra-aortic balloon pump; ERT: Erythrocyte suspension; FFP: Fresh frozen plasma.
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24 and 48 h BUN values were found to be significantly high-
er in the BHTK cardioplegia group than the blood cardio-
plegia group (p=0.007 and p=0.023). This difference was 
equalized on the 7th day. It was determined that the time 
and cardioplegia type showed a remarkable joint effect 
on the BUN value (p<0.05) (Table 5). The blood BUN value 
changes according to time in groups are shown in Figure 1.
In terms of postoperative mechanical ventilation time, 
length of intensive care unit and hospitalization stay, and ex-
tubation time, no significant difference was found (Table 6).

Discussion
In this study, we compared BHTK and blood cardioplegia in 
terms of postoperative AKI and outcome parameters in pa-
tients who underwent open-heart valve surgery. In terms 
of postoperative AKI development in the study, no statisti-
cally significant difference was observed between the two 
cardioplegia methods.

One of the most common and serious complications in the 
postoperative period following open-heart surgery is AKI, 
which has been associated with a prolonged intensive care 
and hospital stay and increased mortality.[8]

In a study involving 1900 patients, Viana et al.[1] compared 
blood cardioplegia with BHTK cardioplegia. Although severe 
left ventricular dysfunction, EuroSCORE 2, cross-clamp, and 
CPB duration parameters were higher in the BHTK group, no 
difference was found in the study in terms of postoperative 
kidney damage,[1] which corroborates with our results.

In another study, BHTK and blood cardioplegia were com-
pared for AVR surgery in 1650 patients with propensity 
score matching, and no difference was found between the 
two groups in terms of kidney damage requiring dialysis.[9]

BHTK is an intracellular solution that was used in the 
1970s for cardioplegic arrest. Its effects are demonstrat-
ed through the induction of hyperpolarization. Histidine 
buffers ischemia-induced acidosis, while tryptophan 
stabilizes the cell membrane. Alpha ketoglutarate is the 
main component of the Krebs cycle in the cell. The man-
nitol in the solution contributes to the maintenance of 
cellular osmolarity.[10]

The cardiac effects of the BHTK solution have been extensive-
ly studied in the literature; however, the number of studies 
systematically investigating the metabolic changes induced 
by these solutions in other vital organs remains limited.

Table 4. Comparison of patients in terms of postoperative complications, AKI, and mortality

Variables  Blood    BHTK  p 
   cardioplegia  cardioplegia 
   (n=63)    (n=31)

  n  % n  %

30 day mortality 2  3.2 2  6.5 0.401
AKI 21  33.3 12  38.7 0.650
KDIGO (if AKI+; n=33)
 1 18  85 9  75 0.830
 2 or 3 3  15 3  25
Postoperative RRT 1  1.6 2  6.5 0.252
Highest creatinine day
 1–2 50  79.4 27  87.1 0.522
 3–4 7  11.1 3  9.7
 5–7 6  9.5 1  3.2 
Arrhythmia 1  1.6 1  3.2 0.553
AF  13  20.6 9  29 0.366
Newly onset AF 4  6.3 3  9.7 0.421
Reoperation 7  11.1 3  9.7 0.832
Infection 12  19 3  9.7 0.243
Respiratory dysfunction 6  9.5 2  6.5 0.616
Neurological complication 0  0 1  3.2 0.330
Temporary pacemaker 28  44.4 20  64.5 0.067
Bleeding 46  73 20  64.5 0.397
Gastrointestinal complication 2  3.2 0  0 0.447

Values are expressed as frequency (%), mean±SD and n. AKI: Acute kidney injury; BHTK: Bretschneider histidine 
tryptophan ketoglutarate; KDIGO: Kidney disease improving global organization; RRT: renal replacement therapy; 
AF: Atrial fibrillation.
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A study evaluating amino acid and nitrogen metabolism 
changes caused by histidine degradation contained in 
BHTK has exhibited that large amounts of histidine pass 
into the systemic circulation due to the application of 
BHTK in higher volumes compared to blood cardiople-
gia. Furthermore, it has been demonstrated that nitro-
gen atom metabolites in the imidazole ring structure 
are converted to either ammonium ions or urea.[11] In a 
study using urine samples from 100 patients undergoing 
open-heart surgery, to investigate the metabolic changes 
caused by the BHTK solution, dysregulation of glutamine/
glutamate, purine/pyrimidine, vitamin B6, and histidine 
metabolism was explored. The researchers of this study 
highlighted the need for further study into the funda-
mental processes underlying both its possible detrimen-
tal effects and its organ-protecting properties.[3]

In a trial comparing BKTK solution and BKTK-N solution em-
ployed during CPB, it was revealed that BHTK causes prox-
imal tubule swelling and cytochrome-C release in porcine 
kidney, which may be associated with AKI.[12]

Our study revealed that the BHTK group showed signifi-
cantly higher BUN values during the 24 and 48 h postop-
eratively. On day 7, it was also observed that the elevation 
spontaneously resolved. In the statistical analysis of BUN, 
creatinine, glomerular filtration rate, and CC, only the BUN 
value was found to be affected by time and cardioplegia 
type, which can be explained by the fact that BHTK pro-
duces a large quantity of urea and ammonium, which are 
histidine metabolites. However, we failed to find any clin-
ical studies in parallel with that conclusion. To better un-
derstand the practical implications of this finding, we rec-
ommend conducting a larger randomized controlled trial, 

emphasizing the need to explore regarding the impact of 
this finding on renal effects in tissue culture.

One of the major concerns accompanying cardiac sur-
gery is myocardial injury, which is associated with the de-
velopment of arrhythmia, major cardiac and renal mor-
bidities, prolonged intensive care unit and hospital stay, 
and high mortality risk.[13]

In our clinic, selecting the cardioplegia solution is a joint 
decision of the cardiac surgeon, anesthesiologist, and 

Figure 1. Change of blood urea nitrogen value according to time 
and groups.
BHTK: Bretschneider histidine tryptophan ketoglutarate.

 Wilks’ Lambda F p

Time 0.489 30.671 0.0001**
Time*group 0.907 3.024 0.034**
Group – 3.590 0.061

 Post-hoc bonferonni

Time (Blood cardioplegia)  1<2; 1<3; 1=4; 2<3; 2>4; 3>4
Time (BHTK cardioplegia)  1<2; 1<3; 1=4; 2=3; 2>4; 3>4

*: Two-way repeated measures Analysis of Variace (ANOVA); **: Data expressed as Mean±SD and n, %. BHTK: 
Bretschneider histidine tryptophan ketoglutarate.

Table 5. Comparison of blood urea nitrogen (BUN) by time and cardioplegia type and 
determining the common effect

Variables 1. BUN value 2. BUN value 3. BUN value 4. BUN value 
 before the 24 hours after 48th hour after 7th day after 
 operation   the operation the operation  the operation

Blood cardioplegia 18.67±5.68 20.51±6.96 24.24±9.33 17.45±9.69
BHTK cardioplegia 20.80±8.70 25.43±8.81 28.53±12.59 17.83±9.82
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perfusionist. We prefer the BHTK solution for valve opera-
tions with worse cardiac performance in cases where we 
foresee a prolonged operation time and where an unin-
terrupted view of the field could be required in terms of 
surgical technique. Obviously, this is the rationale for the 
difference in cross-clamp, CPB, and operation times be-
tween the two groups in our study.

Based on the results of a recent large meta-analysis com-
paring BHTK and blood cardioplegia for myocardial pro-
tection, BHTK solution was found to have the same effi-
cacy and safety as other cardioplegic solutions in most 
clinical parameters.[10]

IS or the need for inotropes, IABP use, arrhythmia inci-
dence, and cardiac biomarkers are the parameters eval-
uated while detecting myocardial damage in an open-
heart surgery.[9,14–16]

In a prospective randomized study comparing blood and 
BHTK cardioplegia with a total of 345 patients undergoing 
AVR, no significant difference was found between the two 
groups in terms of spontaneous sinus rhythm, inotropic 
agent use, AF development, mechanical ventilation dura-
tion, perioperative myocardial ischemia, and mortality af-
ter opening the aortic cross-clamp.[17] Except for the use of 
inotropes, these findings are also consistent with our study. 
We also found that IS during and after surgery was higher 
in the BHTK cardioplegia group. However, any difference 

was not observed between both groups in terms of ejec-
tion fraction (EF) values in the preoperative and postopera-
tive repeated measurements.

In our study, no difference was found between the groups 
in terms of preoperative and postoperative AF incidence, 
the need for defibrillation during surgery, new-onset AF, 
the need for temporary/permanent pacemaker, and IABP. 
Our study findings corroborate with the literature.[18,19]

Edelman et al.[20] reported that no difference was found 
for mortality similar to our results in their systematic re-
view comparing BHTK and conventional cardioplegia, 
based on the meta-analysis results including 14 studies. 
Additionally, in terms of postoperative complications, 
bleeding, reoperation, mechanical ventilation time, and 
intensive care unit stay and hospital stay, no difference 
was found between the two groups.

Limitations
One of the study limitations was the single-center and ret-
rospective nature of the study. Thus, the findings should be 
confirmed through multicenter and prospective studies. 
Moreover, the patient sample was small, and plasma and 
urine biomarkers neutrophil gelatinase-associated lipo-
calin, interleukin-18 (NGAL, IL-18, cystatin C, kidney injury 
molecule-1) were not investigated to identify cardiac bio-
markers and AKI earlier.

Table 6. Comparison of the postoperative data of the patients

Variables  Blood   BHTK  p 
   cardioplegia   cardioplegia 
   (n=63)   (n=31)

  n  % n  %

Postoperative CVP  9.84±3.28   11.06±3.47  0.099
Postoperative inotrope score  23.26±39.76   36.53±38.10  0.010*
Drainage amount (mL) in the first 24 hours  461.11±236.48   546.12±516.00  0.505
Extubation time (hour)  14.97±13.81   16.51±19.96  0.456
Length of stay in intensive care (day)  3.85±4.15   4.03±2.19  0.109
Length of stay in hospital (day)  10.36±9.53   11.61±8.28  0.151
Post operative atrial fibrillation 10  15.9 9  29 0.135
Post operative IABP 0  0 1  3.2 0.330
Postoperative ERT (unit)
 0 42  66.7 16  51.6 0.359
 1 12  19 8  25.8
 ≥2 9  14.3 7  22.6
Postoperative FFP (unit)
 0  36  57.1 13  41.9 0.305
 1 10  15.9 5  16.1
 ≥2 17  27 13  41.9

*: p<0.05 was considered statistically significant. Values are expressed as frequency (%), mean±SD and n. BHTK: Bretschneider histidine tryptophan ketoglutarate; CVP: Central 
venous pressure; IABP: Intraaortic balloon pump; ERT: Erythrocyte suspension; FDP: Fresh frozen plasma.
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Conclusion
Based on our data, we can conclude that BHTK solution pro-
vides effective myocardial protection and improves clinical 
outcomes during open-heart valve surgery. Additionally, we 
would like to highlight that this result should be supported 
by cardiac biomarkers. No difference was found between 
the two groups in terms of AKI development according to 
the KDIGO grading scale. However, BUN elevation, which is 
the histidine metabolite, is remarkable in the BHTK group.
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