- Original Article

Carbamylated Hemoglobin can Differentiate Acute Kidney Injury from

Chronic Kidney Disease

Abstract

Carbamylated hemoglobin (CarHb) was found to have a potential role in the differentiation of
patients with acute kidney injury (AKI) from chronic kidney disease (CKD). This study was aimed
at the evaluation of the diagnostic performance and usefulness of CarHb in the differentiation of AKI
from CKD. Forty patients with renal disease and twenty age- and sex-matched healthy controls were
included in the study. Urea, creatinine, Hb, and CarHb were measured in all the subjects. Patients
with AKI and CKD were found to have significantly increased levels of CarHb when compared to
controls (P < 0.05 for both groups). Patients with CKD had significantly increased levels of CarHb
when compared to patients with AKI (P < 0.05). CarHb showed significant positive correlation with
urea in patients with renal disease (» = 0.776, P < 0.0001). Significant area under curve (AUC =
0.840, P < 0.0001) was obtained for CarHb and a cut-off value of 98.33 ug VH/g Hb resulted with
the best combination of 85% sensitivity and 75% specificity. CarHb may provide clinical utility since
patients with AKI and CKD have similar clinical presentation usually. A cut-off value of 98.33 ug
VH/g Hb has been found to be useful to differentiate AKI from CKD.
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Introduction

Assessment of renal function is one of the
most important steps in acute emergencies
to identify renal failure with either acute
kidney injury (AKI) or chronic kidney
disease (CKD). AKI is defined as abrupt
(i.e., within 48 h) reduction in kidney
function, currently defined as an absolute
increase in serum creatinine level more
than or equal to 0.3 mg/dl (> 26.5 pmol/L).
AKI represents a substantial risk factor
for CKD.I'?! CKD is characterized by a
progressive and ongoing loss of kidney
function of not <3 months duration with
or without decrease in glomerular filtration
rate (GFR).F!

Carbamylated hemoglobin (CarHb), which
is formed as a result of the reaction of
isocyanate with N-terminal valine residues
of the o and B chains of Hb is found in
high levels in patients with renal failure.”
Under physiological conditions, the level of
isocyanate is approximately 1% that of urea.”

Evaluation of CarHb in patients with
various degrees of renal function found that
measurement of CarHb provides potential
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clinical value and has been suggested to
be useful in differentiating patients with
AKI from those with CKD.!*” Based on
its importance, this study was aimed to
evaluate the diagnostic performance of
CarHb in the diagnosis and differentiation
of AKI and CKD.

Material and Methods

Forty patients with either AKI (20 patients)
or CKD (20 patients) as per Kidney
Disease Improving Global Outcomes
guidelines attending nephrology outpatient
department and aged 20-65 years were
enrolled in this study and compared with
age- and sex-matched healthy controls. All
the subjects were categorized into three
groups as Group 1 (controls, n = 20),
Group 2 (patients with AKI, » = 20), and
Group 3 (patients with CKD, n = 20).
Patients with acute or chronic infections,
malignancy, pregnancy, and lactation,
belonging to pediatric age group, patients
with acute on chronic kidney disease
and subjects not willing to participate in
the study were excluded from the study.
Informed consent was obtained from all the
subjects and the study was approved by the
Institutional ethics committee.
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A volume of SmL of venous blood was collected from all
the subjects into plain tubes and ethylenediaminetetraacetic
acid tubes. Blood collected in plain tubes was allowed to
clot, serum separated by centrifugation at 2000 rpm for
15 minutes. Hemolysate was prepared from the whole
blood by washing the erythrocytes 4 times with saline
before lysing with equal volumes of cold distilled water.
The separated serum and hemolysate were transferred into
appropriately labeled aliquots and stored at —80°C until
further analysis. Hb was estimated by cyanmethemoglobin
method, and CarHb was measured using Modified Rosen’s
colorimetric method.®” Measurement of urea was done
by enzymatic timed fixed endpoint method, and creatinine
was assayed using Modified Jaffe’s rate kinetic method on
Beckman unicel DXC 600 analyzer, Beckman, USA.

Statistical analysis

Continuous variables were expressed as mean + standard
deviation. Comparison of variables between the three study
groups was made using Kruskal-Wallis test, followed by
pairwise comparisons. The association between CarHb
and study parameters was assessed using Spearman’s rank
correlation analysis. The utility of CarHb in differentiating
AKI from CKD was determined by constructing receiver
operating characteristic (ROC) curves. A P < 0.05 was
considered statistically significant. All the analyses
were performed using Microsoft excel spread sheets
and MedCalc version 12.2.1 statistical software
(Broekstraat, Mariakerke, Belgium).

Results

The demographic characteristics and biochemical parameters
studied in controls, patients with AKI and patients with
CKD are shown in Table 1. The scatter plot of CarHb levels
in the groups studied is presented in Figure 1. Serum urea
and creatinine were found to be significantly higher in both
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Figure 1: Carbamylated hemoglobin levels in controls, patients with acute
kidney injury and patients with chronic kidney disease. Group-1=controls;
Group-2=patients with acute kidney injury; Group-3=patients with chronic
kidney disease
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groups of patients with renal disease than controls. Patients
with CKD had significantly higher levels than in patients
with AKI. Similarly, CarHb levels were significantly higher
in patients with AKI as well as CKD than controls. The
levels were found to be highest in patients with CKD.

When the association of CarHb with the study parameters
was analyzed, CarHb showed significant positive
correlation with urea (» = 0.776, P < 0.0001) in all patients
with renal disease. However, no correlation was observed
between CarHb and creatinine (»r = 0.157, P = 0.333) or
Hb (r = 0.126, P = 0.439). Figure 2 shows the relationship
between CarHb and urea in AKI patients [Figure 2a] and
CKD patients [Figure 2b].

ROC curve analysis performed to study the utility of
CarHb in the differentiation of AKI from CKD showed
significant area under curve (AUC = 0.840, 95% confidence
interval [CI] = 0.690-0.936, P < 0.0001). A cut-off value of
98.33 ug VH/g Hb was obtained with the best combination
of 85% sensitivity and 75% specificity to differentiate AKI
from CKD [Figure 3].

Discussion

Accumulation of nitrogenous waste products occurs as an
early sign observed in patients with renal dysfunction and
often occurs before the appearance of other symptoms.
Urea is one of the first nitrogenous waste substances that
accumulate in the blood in renal disease and urea levels

Table 1: The demographic characteristics and
biochemical parameters in controls, patients with acute
kidney injury and patients with chronic kidney disease

Parameter Mean+SD pP*
Group 1 Group 2 Group 3
(n=20) (n=20) (n=20)

Age (years) 51.60+14.82 49.25+13.43 53.00+£13.78  0.632*

>(0.050¢d

Male/female 10/10 15/5 14/6 -

Hb % (g/dl) 13.60+£0.94  11.18+1.92 10.71£1.23  <0.0001°
<0.05%¢
>0.05¢

Urea 3.39+0.59  10.914£3.96 17.29+4.28 <0.0001°

(mmol/L) <0.05bd

Creatinine  74.26+33.59 251.06+137.90 349.18+183.87 <0.0001*

(umol/L) <(0.05bcd

CarHb (ng  45.04+8.38 77.40+29.41 123.47+34.19 <0.0001*

VH/g Hb) <0.05b,c,d

*As analyzed using Kruskal-Wallis test followed by pair wise
comparisons, <0.05 - statistically significant, *Significance across
the three study groups, ®Group 1 versus Group 2, “Group 1 versus
Group 3, ‘Group 2 versus Group 3. Group 1: Healthy controls,
Group 2: Patients with AKI, Group 3: Patients with CKD,

Hb: Hemoglobin, CarHb: Carbamylated hemoglobin, SD: Standard
deviation, CKD: Chronic kidney disease, AKD: Acute kidney

injury
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Figure 2: Regression curve analysis between urea and carbamylated hemoglobin levels in acute kidney injury patients (a) and chronic kidney disease

patients (b)
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Figure 3: Receiver operating characteristic curve analysis of carbamylated
hemoglobin. Receiver Operating Characteristic curve analysis done to study
the utility of carbamylated hemoglobin in the differentiation of acute from
chronic kidney disease showed significant area under curve (AUC=0.840,
95% CI=0.690-0.936, p<0.0001). A cut-off value of 98.33 ugVH/g Hb was
obtained with the best combination of 85% sensitivity and 75% specificity
to differentiate AKI from CKD

increase progressively with worsening renal dysfunction.
Hence, assessment of renal function is usually done by
the measurement of urea and creatinine levels in serum
or plasma and calculation of GFR using prediction
equations.

Carbamylation is a nonenzymatic posttranslational
modification of proteins involving the reaction of isocyanic
acid with the functional groups of amino acids and proteins.
Isocyanic acid, which is the protonated and reactive form
of cyanate is formed as a spontaneous dissociation product
of urea and reacts with the oo and € amino groups of
several proteins, including Hb. Carbamylation of Hb is thus
an example of nonenzymatic posttranslational modification
of proteins and is one of the widely studied reactions
and is also found to contribute to uremic toxicity.'®!!
In this study, CarHb levels were measured in patients
with AKI and CKD and compared with those of healthy
controls [Table 1]. It was found that both groups of patients
with renal failure had significantly higher levels of CarHb
as compared to controls (P < 0.05 for both groups).
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These findings are similar to those reported by Wynckel
et al.” in their study. Under physiological conditions,
the concentration of isocyanate is about 1% that of urea.
In conditions of renal failure, retention of urea along with
other metabolites occurs, and the constant exposure of Hb
to increased urea levels results in the increased levels of
CarHb.

Patients with CKD in the present study had significantly
higher levels of CarHb than those in patients with
AKI (P < 0.05). Earlier studies have also reported similar
findings. A study by Wynckel et al.,[¥ showed that patients
with chronic renal failure (CRF) had higher CarHb levels
than patients with acute renal failure (ARF). Similarly, Stim
et al.,!"” observed that mean CarHb levels were highest in
patients with CRF, intermediate in end-stage renal disease
on hemodialysis and lowest in ARF, when compared to
controls.

Measurement of protein carbamylation was found to reflect
a time-averaged record of urea concentration, thus helping
in the characterization of duration and severity of renal
disease.”? Hence, CarHb is considered as a potential marker
of chronic urea exposure as the rate of its formation is
influenced by mean blood urea concentration and the length
of exposure to urea.l'?? The higher the duration of exposure
of the proteins to high urea concentration, the higher is the
amount of CarHb that is formed.™ In this context, Stim
et al.,"™ observed a linear relationship between blood urea
nitrogen and CarHb in ARF; in the case of CRF patients,
the relationship was found to be exponential. Thus, as
the concentration of urea increases, patients with CKD
manifest an exponential increase in the carbamylation of
Hb. Moreover, it has also been reported that in addition
to blood urea concentration and duration of exposure to
urea, other factors intrinsic to CRF also contribute to
the carbamylation rate.*!'! All these factors might have
contributed to the higher CarHb levels observed in CKD
patients when compared to patients with AKI in the present
study. It was found that CarHb was significantly correlated
with urea (r = 0.776, P < 0.0001) in all patients with
renal failure in the present study. However, no correlation
was observed between CarHb and creatinine (» = 0.157,
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P = 0.333). These findings are in accordance with earlier
reports.['?]

Based on the differences observed in the carbHb levels
between patients with AKI and CKD in the present
study, ROC curve was constructed to assess the clinical
usefulness of CarHb in the differentiation of AKI from
CKD. A significant AUC was obtained (AUC = 0.840,
95% CI = 0.690-0.936, P < 0.0001) and a cut-off value of
98.33 ug VH/g Hb resulted in a sensitivity and specificity
of 85% and 75%, respectively. In this context, Wynckel
et al.¥ obtained a cut-off value of 100 ug CV/g Hb
with a sensitivity of 94% and specificity of 92%. These
findings indicate that CarHb may be used to differentiate
patients with potentially reversible renal disease from
CKD.

Study with AKI and CKD groups with matched urea
concentration would have been better so that only duration
of increase would have been the major differentiating factor.
In spite of this limitation to obtain urea matched AKI and
CKD patients, the findings of the present study support earlier
observations.

Conclusion

Hence, CarHb can be used to differentiate patients with AKI
from CKD. A cut-off value of 98.33 pug VH/g Hb has been
found to be useful in differentiating patients with AKI from
those with CKD. This may provide clinical utility since
patients with AKI and CKD usually have a similar clinical
presentation and with different management strategies.
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