
Introduction

Acute kidney injury (AKI) refers to a condition in which a

reduction occurs in glomerular filtration rate (GFR)

leading to accumulation of blood urea nitrogen (BUN),

creatinine and other uraemic toxins in the body.

Reduction in GFR in AKI is relatively faster and develops

within days to weeks in contrast to chronic renal failure in

which GFR reduces within months to years.1

Chronic Kidney Disease (CKD) is defined as chronic and

progressive impairment of the renal functions as a result

of reduced GFR, including fluid-solute homeostasis and

metabolic-endocrine functions. End-stage renal disease

(ESRD) is considered when GFR decreases to 5-10mL/min;

these patients need renal replacement therapies like

dialysis and renal transplantation.2

The incidence of acute renal failure is 1-5% for all hospital

admissions.3,4 AKI may complicate the existing disease in

5% of the hospitalised patients; among these, dialysis may

be needed in 0.05%.5-7 This rate may be as high as 20% in

patients with severe disease.6,8 Mortality rate varies

between 7-80% depending on the severity of renal

failure.9,10

Dialysis can normalise fluid balance in patients with

deteriorated renal functions, restore electrolyte and

solute abnormalities, and eliminate uraemic toxins and

drugs.11 Indications of dialysis are severe metabolic

acidosis (ph<7.1), elevated potassium (K) level (K>7

mEq/L), BUN> 100 mg/dL, serum creatinine > 8 mg/dL,

bicarbonate (HCO3) <11 mEq/L, and signs and symptoms

of severe volume loading.12,13

Neutrophil Gelatinase-associated Lipocalin (NGAL) is a

glycoprotein with a molecular weight of 25-kDA found in

neutrophil granules and expressed at low concentrations

in normal kidney, trachea, lungs, stomach, and colon.14,15

NGAL is expressed and secreted from renal tubular cells,

hepatocytes, and immune cells in several pathological

conditions.16 Its expression is also induced in injured

epithelia, including lung, colon, and, in particular,

kidney.15 NGAL, a new member of lipocalin, is excreted in

urine and it can readily be detected as it has low

molecular weight and it is resistant against

fragmentation. NGAL accumulates in human renal cortical

tubules, blood, and urine after nephrotoxic and ischaemic

injuries.17Thus, NGAL protein was easily detected in blood
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and urine soon after acute renal injury. NGAL has the

advantages of being an early, sensitive and non-invasive

biomarker for acute renal injury.18

In this study, we aimed to investigate if we can use NGAL

as a biochemical marker to determine the indications for

emergency dialysis treatment or not.

Patients and Methods
The study was conducted at the Emergency Department

of Numune Taraining and Research Hospital, Ankara,

Turkey, in 2012 after approval by the institutional ethics

committee. Written informed consent was also obtained

from the patients or the attendants in case patients were

unconscious. Patients over 18 years of age with uraemic

symptoms, including nausea, vomiting, altered

consciousness, and willing to participate in the study

were included, while those who did not meet the criteria

were excluded.

A total of 60 patients represented the final study sample.

Blood samples were drawn for the measurement of pH,

HCO3, BUN, creatinine, potassium, and NGAL at

presentation. Thirty patients having indications for

emergency dialysis were determined as Group 1, and 30

patients not having indications for emergency dialysis as

Group 2. Serum NGAL levels were studied with a bedside

kit (Triage NGAL test, Biosite, USA). 

Serum pH, BUN, creatinine, K, HCO3 and NGAL values were

compared between the two groups. 

Descriptive statistics were expressed as frequency and

percentage, and mean ± standard deviation (SD).

Normality of data distribution was tested with

Kolmogorov-Smirnov test. X2 test was used to compare

categorical variables. Student's t test was used for the

comparison of continuous variables between the groups

because distribution of data was normal. To assess the

utility of NGAL measurements at varying cut-off values to

predict dialysis indication, a conventional receiver

operating characteristic (ROC) curve was generated and

the area under curve (AUC) was calculated. The statistical

analysis was performed using SPSS version 18.00 and

p<0.05 was considered statistically significant.

Results
The characteristics of the 60 patients in the study were

noted at the outset and there was no significant

difference between the groups with respect to gender

(p>0.05) and age (p>0.05). 

In terms of laboratory findings, there was a significant

difference between the groups for BUN, creatinine, K, and

blood pH, HCO3 levels (p<0.05) (Table).

The mean NGAL level was 817.65±334.7ng/mL in Group 1

and 398.97±202.4ng/mL in Group 2 (t=4.944; p<0.001). 

To assess the utility of NGAL measurements at varying

cut-off values to predict dialysis indication, a conventional

receiver operating characteristic curve was generated and

the AUC was calculated. The best cut-off level for NGAL to

predict emergency haemodialysis indication was

615ng/mL with a sensitivity of 82% and a specificity of

80%, and an AUC of 0.84 (95% CI: 0.74-0.94) which was

statistically significant (p< 0.001) (Figure).

Discussion
The definitive therapy for CKD is renal transplantation.
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Table-1: Demographic, clinical and laboratory characteristics.

Group 1 (mean±SD) Group 2(mean±SD) p

Ngal (ng/mL) 817.65±334.7 429.30±287.5 t=4,944, p<0.001

pH 7.20±0.1 7,30±0.1 t=-3,672, p<0.001

Urea (mg/dL) 228.11±132.4 74.06±23.8 t=6,275, p<0.001

Creatinine (mg/dL) 7.37±5.6 4.04±2.6 t=2,937, p<0.005

Potassium (mEq/L) 6.15±2.4 4.56±1.2 t=3,236, p<0.05

HCO3 (mEq/L) 15.23±5.4 21.04±7.4 t=-3.578, p<0.01

Age (year) 68,29±16,9 66.47±14.2 t=0.46, p=0.65

Gender (M/F) 16/14 12/18 X2=2.55, p=0.133

NGAL: Neutrophil Gelatinase-associated Lipocalin.

HCO3: Bicarbonate.

Figure: ROC analysis for endication of dialysis. 

Diagonal segments are produced by ties.

The area under curve (AUC) of 0.84 (95% CI 0.74-0.94). The best cut-off level for NGAL to

predict haemodialysis indication was 615 ng/mL with a sensitivity of 82% and a

specificity of 80%.



Dialysis therapy, on the other hand, is only a temporary

solution until a definitive therapy has been constituted.

Emergency dialysis is life-saving under some

circumstances.19

BUN or serum creatinine levels are elevated in renal

failure. However, further tests are needed to distinguish

between acute and chronic renal failure. A previously

increased BUN, a previously increased and long-term

stable serum creatinine level, and an abnormal urinalysis

are supportive for CKD.14 Among them, creatinine is the

most commonly used laboratory parameter in clinical

practice. Although it is widely used in clinical practice, it

has some potential disadvantages: it is affected by several

factors such as age and gender, and it is unable to reflect

acute renal injury as early as desired.20 First of all, renal

functions are needed to be impaired more than 50% for

an elevation in serum creatinine level to occur. Moreover,

serum creatinine does not reflect renal function

accurately until a stable renal condition has been reached,

which requires several days.21 Serum creatinine value is a

poor indicator for acute renal injury.22 In our study, serum

BUN and creatinine levels were higher in both groups

(Table). There was a significant difference between two

groups in terms of serum BUN or creatinine levels

(p<0.05). A serum pH level below 7.1 is another

emergency dialysis indication.12,13 Subjects in both

groups in our study had acidic blood pHs (Table). There

was a significant difference between the two groups

(p<0.05). A serum K level greater than 7mEq/dL

constitutes another indication for emergency dialysis.12

Subjects in Group 1 had a higher potassium level (Table).

There was a significant difference between the two

groups (p<0.05). A serum HCO3 level below 11mEq/dL is

another emergency dialysis indication.12,13 There was a

significant difference between the two groups (p<0.05) in

our study.

NGAL is a marker of active tubular pathology.23,24 Serum

NGAL level is arguably the most promising novel

biomarker for detection of AKI.24 The reasons for NGAL

increase in AKI are acute tubular injury and NGAL

secretion from neutrophils, macrophages, and other

immune cells as an acute phase reactant.15 There is

growing literature suggesting that NGAL is also a marker

of kidney disease and severity in CKD.23 It has been shown

that tubulo-interstitial injury occurs in almost all forms of

CKD and serum NGAL increases as a result of this insult.24

A study found that NGAL is a potential early marker for

impaired kidney function/kidney injury.25

A study in patients with AKI in ICUs detected that NGAL

levels were elevated 10-fold in plasma and 100-fold in

urine secondary to sepsis, ischaemia and nephrotoxins.

Both urine and plasma levels were found to be correlated

with serum creatinine levels.16 A prospective study

reported that acute renal injury developed in 28% of the

children who underwent cardiopulmonary bypass where

serum creatinine levels were elevated 1-3 days after the

surgery. However, NGAL levels were elevated 10-fold and

it was detected in urine and plasma within 2-6 hours after

the surgery. It was concluded that both urine and plasma

levels of NGAL are strong, independent markers for acute

renal injury.26

One study suggested that serum NGAL levels can be used

as a marker for initiation of renal replacement therapy

(RRT) in critical care patients.27 Others reported that

serum NGAL level is a potential early, sensitive marker of

kidney impairment/injury,28 and that serum NGAL levels

were higher in haemodialysis patients compared to the

control subjects.29 In the current study, NGAL values were

elevated in both groups. However, when NGAL values

were considered, a statistically significant difference was

detected between the two groups (p<0.05). An ROC

analysis was performed to ascertain the effectiveness of

serum NGAL in determination of emergency dialysis

indication. The sensitivity and specificity of a cut-off level

of 615ng/mL were 82% and 80%, respectively. 

Conclusion
Serum NGAL level may determine the indication of

emergency dialysis which can be life-saving. 

References
1. Abernethy VE, Lieberthal W. Acute kidney injury in the critically ill

patient. Crit Care Clin 2002; 18: 203-22.

2. Jacobson HR. Chronic renal failure: pathophysiology. Lancet 1991;

338: 419-23.

3. Bagshaw SM, Bellomo R. Acute renal failure. Surgery 2007; 25:

391-8.

4. Ta? FS, Cengiz K, Erdem E, Karata? A, Kaya C. Causes of Mortality in

Acute and Chronic Renal Failure. Firat Tip Derg 2011; 16: 120-4.

5. Albright RC. Acute kidney injury: a practical update. Mayo Clin

Proc 2001; 76: 67-74.

6. Hou SH, Bushinsky DA, Wish JB, Cohen JJ, Harrington JT. Hospital

acquired renal insufficiency: a prospective study. Am J Med 1983;

74: 243-8.

7. Brady HR, Singer GG. Acute kidney injury. Lancet 1995; 346: 1533-40.

8. Liano F, Junco E, Pascual J, Madero R, Verde E. The spectrum of

acute kidney injury in the intensive care unit compared with that

seen in other settings. The Madrid Acute kidney injury Study

Group. Kidney Int Suppl 1998; 66:1 6-24.

9. Thadhani R, Pascual M, Bonventre JV. Acute kidney injury. N Engl J

Med 1996; 334: 1448-60.

10. Finn WF. Recovery from Acute kidney injury. In: Lazarus JM,

Brenner BM, eds. Acute kidney injury. 3rd ed. New York: Churchill

Livingstone, 1993: 553-96.

11. Sever M?. Acute oligoanüria and Acute kidney injury. In: Guler K ve

Calangu S, eds. Emergency Internal Medicine 7th ed. Istanbul :

Nobel Tip, 2009: 465-506.

Vol. 64, No. 7, July 2014

The value of serum NGAL in determination of dialysis indication 741



12. Kahveci FO. Indications for dialysis. In: Kekeç Z, eds. All aspects of

emergency medicine, Ankara: Akademisyen tip kitabevi, 2013;

287-90.

13. Bektas F, Nokay AE, Güngör F, Söyüncü S. Demographic features of

the patients with acute renal failure in the emergency

department. Turk J Emerg Med 2008; 8: 170-4.

14. Mcphee SJ, Tierney Jr LM, Paradakis MA. Current medikal

diagnosis and treatment. 46th ed. New York: McGraw-Hill

Professional Publishing, 2007;  pp 929-33.

15. Dent CL, Ma Q, Dastrala S,  Bennett M, Mitsnefes MM, Barasch J, et

al. Plasma neutrophil gelatinase-associated lipocalin predicts

acute kidney injury, morbidity and mortality after pediatric

cardiac surgery: a prospective uncontrolled cohort study. Crit Care

2007; 11: R127.

16. Kjeldsen L, Johnsen AH, Sengelov H, Borregaard N. Isolation and

primary structure of NGAL, a novel protein associated with human

neutrophil gelatinase. J Biol Chem 1993; 268: 10425-32.

17. Mori K, Lee HT, Rapoport D, Drexler IR, Foster K, Yang J, et al.

Endocytic delivery of lipocalinsiderophore- iron complex rescues

the kidney from ischemia-reperfusion injury. J Clin Invest 2005;

115: 610-21.

18. Mishra J, Ma Q, Kelly C, Mitsnefes M, Mori K, Barasch J, et al. Kidney

NGAL is a novel early marker of acute renal injury following

transplantation. Pediatr Nephrol 2006; 21: 856-63.

19. Sinert R, Peacock PR. Acute kidney injury. In; Emergency Medicine:

A Comprehensive Study Guide. 7th ed. Tintinalli JE, Kelen GD,

Stapczynski JS (eds). North Carolina: McGraw-Hill, 2010, pp 593-99.

20. Parikh CR, Devrajan P. New Biomarkers of acute kidney injury. Crit

Care Med 2008; 36: 166-71.

21. Herget-Rosenthal S. One step forward in the early detection of

Acute kidney injury. Lancet 2005; 365: 1205-6.

22. Devarajan P. Emerging biomarkers of acute kidney injury. Contrib

Nephrol 2007; 156: 203-12.

23. Devarajan P. Neutrophil gelatinase-associated lipocalin (NGAL): A

new marker of kidney disease. Scand J Clin Lab Invest Suppl 2008;

241: 89-94.

24. Woo KS, Choi JL, Kim BR, Kim JE, An WS, Han JY. Urinary neutrophil

gelatinase-associated lipocalin levels in comparison with

glomerular filtration rate for evaluation of renal function in

patients with diabetic chronic kidney disease. Diabetes Metab J

2012; 36: 307-13.

25. Malyszko J, Bachorzewska-Gajewska H, Malyszko JS, Pawlak K,

Dobrzycki S. Serum neutrophil gelatinase-associated lipocalin as a

marker of renal function in hypertensive and normotensive

patients with coronary artery disease. Nephrology 2008; 13: 153-6.

26. Mishra J, Dent C, Tarabishi R, Mitsnefes MM, Ma Q, Kelly C, et al.

Neutrophil gelatinase-associated lipocalin (NGAL) as a biomarker

for acute renal injury following cardiac surgery. Lancet 2005; 365:

1231-8.

27. Kümpers P, Hafer C, Lukasz A, Lichtinghagen R, Brand K, Fliser D, et

al. Serum neutrophil gelatinase-associated lipocalin at inception

of renal replacement therapy predicts survival in critically ill

patients with acute kidney injury. Crit Care 2010; 14: R9.

28. Malyszko J, Malyszko JS, Bachorzewska-Gajewska H, Poniatowski

B, Dobrzycki S, Mysliwiec M. Neutrophil Gelatinase-Associated

Lipocalin is a New and Sensitive Marker of Kidney Function in

Chronic Kidney Disease Patients and Renal Allograft Recipients.

Transplantation Proc 2009; 41: 158-61.

29. Bolignano D, Coppolino G, Romeo A, De Paola L, Buemi A,

Lacquaniti A, et al. Neutrophil gelatinase-associated lipocalin

(NGAL) reflects iron status in haemodialysis patients. Nephrol Dial

Transplant 2009; 24: 3398-403. 

J Pak Med Assoc

742 K. Cemil, C. Elif, Y. M. Serkan, et al


