
INTRODUCTION-
Hemoglobin (Hb) is a porphyrin-iron protein compound that 
transports oxygen from the lungs to the body tissues where it is 
utilized for energy metabolism [1, 2, 3]. Hemoglobin estimation is of 
prime importance in medical investigations. The diagnosis of 
anemia is an important aspect in the practice of hematology [4]. The 
grading of anemia is based upon serum hemoglobin levels (Hb) as 
per the World Health Organization (WHO) de�nitions [5]. 
Haemoglobin has multiple functions: transport of oxygen from the 
lungs to the tissues, to facilitate oxidative phosphorylation in the 
mitochondria, carriage of carbon dioxide from the tissues to the 
lungs as carbaminohaemoglobin, buffering of hydrogen ions 
formed in the erythrocyte from the conversion of carbon dioxide 
into bicarbonate, nitric oxide metabolism[6]. Hemoglobin 
estimation, usually measured on venous blood or capillary blood 
and sometimes in clinical situations in arterial blood, is the most 
frequent laboratory investigation requested. [7]. For  accuracy  and  
reliability  of  the measurement,  both sample collection and 
analysis technique are critical[8].Hemoglobin measured through 
different sources do show  variability  in  values  obtained.  The 
reasons are several and include the instrument variability, type of 
blood samples and certain other factors [9]. Reference ranges for 
HGB concentration (according to WHO de�nition) are considered as 
12–16mg/dL for women and 13–18mg/dL for men[10]. Different 
methods utilized for Hb estimation include acid haematin, 
photometric cyanmethemoglobin estimation and automated 
estimation with the help of counters[11]. The standard method for 
measuring hemoglobin (Hb) in human blood is the well-recognized 
HiCN method as recommended by the World Health Organization 
( W H O ) [ 1 2 ] .  I t  i s  b a s e d  o n  p h o t o m e t r i c  d e t e c t i o n  o f 

cyanmethemoglobin, as an alternative to this technology, 
HemoCue has developed a photometric method based on the 
d e t e r m i n a t i o n  o f  a z i d e  m e t  h e m o g l o b i n  [ 1 3 ] . T h e 
cyanmethemoglobin method works on the principle of conversion 
of hemoglobin to cyanmethemoglobin by the addition of 
potassium cyanide and ferricyanide whose absorbance is measured 
at 540 nm in a photoelectric calorimeter against a standard solution 
[14]. In India approximately 70% of laboratories still use direct 
cyanmethemoglobin method (HiCN) for hemoglobin estimation 
especially in rural areas [15].

MATERIALS AND METHODS-
We conducted this study with the aim to evaluate the accuracy as 
well as the suitability of photometric versus automated methods of 
Hb estimation.

180 adult patients sent for Hb estimation from outpatient clinics and 
wards of Era's Lucknow Medical College and Hospital, Lucknow 
were included in the study. Ten patients were selected on alternate 
days and a total of 18 batches were made (10 samples per batch). 
Hemolyzed samples were excluded from the study. Blood samples 
were drawn in vials having K3 EDTA anticoagulants. After a proper 
mixing, hemoglobin was estimated by automated Sysmex XS-800i. 
Parallel estimation for Hb content was done manually by 
spectrophotometer 4010. Twenty µL of well mixed blood sample 
was taken in 5 ml of Drabkin's reagent and incubated at 37 °C for 10 
minutes. Absorbance was taken at 540 nm [16]. PARA-12 
commercial control was also run with each batch.  Automated 
method on Sysmex XS-800i is based on the electronic impedance 
principle for cell counting while lysing and colorimetry for Hb 
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estimation. In the manual method, Hb in the sample reacts with 
Drabkin's reagent to form cyanmethemoglobin, which is estimated 
photometrically at 540 nm with the help of a standard Hb 
solution[17].

RESULTS-
A total of 180 samples, ranging from age 20 years to 40 years 
(M:F=102:78), were analyzed. The lowest value recorded by Sysmex 
XS-800i was 5.8 while the highest value recorded was 18.6 gm%. The 
mean hemoglobin concentration on Sysmex XS-800i was 12.89. The 
l o w e s t ,  h i g h e s t  a n d  m e a n  v a l u e s  r e c o r d e d  b y  t h e 
cyanmethemoglobin method on photometer on 4010 was 5, 18 and 
13.49 gm% respectively This showed a mean difference of 0.597 and 
with signi�cant p-value of <0.001. A signi�cant difference was found 
in the mean values of colorimeter and 5 part (p<0.001) despite a 
signi�cant correlation between these methods. Taking calorimeter 
as a gold standard, [18 ,19, 20, 21] accuracy of which is 100%, the 
calculated accuracy of 5 part analyser was 95.57%.

TABLE-1: A signi�cant difference was found in the mean values of 
Hb obtained using colorimeter and 5 part (p<0.001)

FIGURE-1: Histogram representation of mean Hb value in the 
colorimeter and the 5-part analyser.

DISCUSSION-
The present study, conducted at the Era's Lucknow Medical College, 
Lucknow, comprised a total of 180 routine samples of Hospital Lab 
Services, Department of Pathology. Out of the 180 samples, 102 
were males and 78 were females. The age range was 25-45 years 
with a mean age of 35years.

FIGURE-2: Pie chart representing the Sex distribution

Mayang et al, in their study concluded that haemoglobin 
c o n c e n t r a t i o n  s h o u l d  b e  a s s e s s e d  w i t h  t h e  d i r e c t 
cyanmethemoglobin method, the gold standard.[18] The 
photometer is easy to transport because it is small and light; it is 
battery operated and gives consistent results [22]. Photometric 
determination of haemoglobincyanide (HiCN) is recommended as 
the reference method.[23] If any other method is used in routine 
measurement (for example, photometric determination of 
oxyhaemoglobin or haemiglobinazide; iron determination), it 
should be adjusted to obtain a comparability with the 

haemiglobincyanide method.[24]

The spectrophotometric characteristics must conform to the 
speci�cations of the International Haemiglobincyanide Standard 
[25]. This method is recommended by the International Committee 
for Standardization in hematology. This is because of the uniform 
transformation of  H b to  c yanmethemoglobin (except 
sulfhemoglobin) in this method and the availability of a �rm and 
trustworthy standard [19].

The International Council for Standardization in Haematology 
(ICSH) in conjunction with Eurotrol, B.V. has released a new lot of the 
haemiglobincyanide or haemoglobin standard. [20]. Therefore in 
our study we have considered cyanmethhemoglobin method as a 
gold standard and calculated the accuracy of 5-part analyser 
accordingly. 

The 5-part analyser's accuracy was 95.57%, which was less than the 
gold standard. Signi�cant difference was found in the mean values 
of colorimeter and 5 part (p<0.001). That means the values of 
hemoglobin estimation for colorimeter and 5-part were not the 
same, despite the tests being done on the same sample. Though 
there was a signi�cant correlation between the colorimeter and thw 
5-part analyser, there is no such study in the literature exclusively for 
the comparision of hemoglobin estimation with 5-part analyser and 
a colorimeter.

In our study, we found that the correlation was better when the 
sample Hb was higher than  lower levels of hemoglobin.

FIGURE-3: This �gure shows that high level of hemoglobin 
correlates better than the low levels of hemoglobin in the present 

study.

In the Drabkin's method of haemoglobin estimation, haemoglobin 
is oxidised to methemoglobin by potassium ferricyanide, which 
reacts with cyanide ions of potassium cyanide to form 
cyanmethemoglobin. The haemoglobin is estimated with the help 
of cyanmethemoglobin curve. 

The advantages of this method are (i) error due to subjective visual 
matching is avoided as spectrophotometer is used and hence 
reading is precise and reliable, (ii) measures all forms of 
haemoglobin except sulphaemoglobin. (iii) single step procedure 
using single reagent. (iv) cyanmethemoglobin formed produces 
broad absorbent band at 530 rim (v) good stable haemoglobin 
standards are available. [26]

CONCLUSION-
Our study showed that the automated method of Hb estimation is 
an alternative method to the standard colorimetric method. The 
lowest values of Hb was similar in both the methods but the mean as 
well as the highest values differed signi�cantly. Our study found an 
accuracy of 95.57% with the 5 part analyzer when compared to the 
gold standard colorimetric method.

REFERENCES-
[1]   Dessparis EN. Erythropoiesis. In: Foester J, Paraskevas F, Grear JP, Rodgers GM, eds. 

Wintrobes clinical hematology. Williams Wilkins, Baltimore 1999; 169-227.
[2] Marengo-Rowe AJ. Structure-function relations of human hemoglobins. InBaylor 

University Medical Center Proceedings 2006 Jul 1 (Vol. 19, No. 3, pp. 239-245). Taylor & 
Francis.

 Method Mean SD Mean Diff. t-value p-value

Colorimeter 13.485 2.703 0.597 3.724 <0.001

5 part 12.888 2.266

  X 7GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS

VOLUME-8, ISSUE-1, JANUARY-2019 • PRINT ISSN No 2277 - 8160



[3]  Lukin JA, Ho C. The structure− function relationship of hemoglobin in solution at 
atomic resolution. Chemical reviews. 2004 Mar 10;104(3):1219-30.

[4]    Beutler E, Waalen J. The de�nition of anemia: what is the lower limit of normal of the 
blood hemoglobin concentration?. Blood. 2006 Mar 1;107(5):1747-50.[5] Le CH. The 
prevalence of anemia and moderate-severe anemia in the US population (NHANES 
2003-2012). PloS one. 2016 Nov 15;11(11):e0166635.[6] Thomas C, Lumb AB. 
Physiology of haemoglobin. Continuing Education in Anaesthesia Critical Care & 
Pain. 2012 Oct 31;12(5):251-6.

[7]  Shah N, Osea EA, Martinez GJ. Accuracy of noninvasive hemoglobin and invasive 
point‐of‐care hemoglobin testing compared with a laboratory analyzer. 
International journal of laboratory hematology. 2014 Feb;36(1):56-61.

[8]  Burger S, Pierre-Louis J. A procedure to estimate the accuracy and reliability of 
Hemocue™ measurements of survey workers. Washington: ILSI. 2003.

[9]  Price CP, Smith I, Van den Bruel A. Improving the quality of point-of-care testing. 
Family practice. 2017 Dec 15;35(4):358-64.

[10]  Szczuko M, Gutowska I, Seidler T, Mierzwa M, Stachowska E, Chlubek D. Risk of 
anaemia in population of healthy young people inhabiting a region in Central 
Europe. Journal of nutrition and metabolism. 2013 Jul 21;2013.

[11]  Wyne HE, Munawar F. Hemoglobin levels in day scholars and boarders of Fatima 
Jinnah Medical College. Pakistan J M Res 1997; 36(3): 113-4.

[12] Anchinmane VT, Sankhe SV. Evaluation of hemoglobin estimation with non-cyanide 
alkaline haematin D-575 method. International Journal of Research in Medical 
Sciences. 2016 Dec 19;4(10):4297-9.

[13]   Rosenblit J, Abreu CR, Szterling LN, Kutner JM, Hamerschlak N, Frutuoso P, Paiva TR, 
Júnior F, da Costa O. Evaluation of three methods for hemoglobin measurement in a 
blood donor setting. Sao Paulo Medical Journal. 1999 May;117(3):108-12.

[14]    BMC Clin Pathol. 2011 Apr 21;11:5. doi: 10.1186/1472-6890-11-5. ]
[15]  Shah VB, Shah BS, Puranik GV. Evaluation of non cyanide methods for hemoglobin 

estimation. Indian J Pathol Microbiol. 2011; 54: 764-768.
[16]   Bain BJ, Bates I. Basic hematological techniques. In: Lewis SM, Bain BJ, Bates I, eds. 

Dacie & Lewis Practical hematology. Churchil Livingstone, Edinburg 2001; 19-46.
[17]  Daniel HR. Examination of blood. In: Beutler E, Lichtman MA, Coller BS, Kipps TJ, 

Seligsolin URI, eds. Williams Hematology sixth edition. McGraw Hill Medical 
Publishing Division 2001; 9-16.

[18]  Sari M, Pee SD, Martini E, Herman S, Bloem MW, Yip R. Estimating the prevalence of 
anaemia: a comparison of three methods. Bulletin of the World Health Organization. 
2001;79:506-11.

[19].  Cyanmethemoglobin (Hemoglobin-Cyanide) method for Estimation of Hemoglobin 
by Dayyal Dg.

[20].  Davis BH, Jungerius B, International Council for the Standardization of Haematology 
(ICSH). International Council for Standardization in Haematology technical report 
1‐2009: new reference material for haemiglobincyanide for use in standardization of 
blood haemoglobin measurements. International journal of laboratory hematology. 
2010 Apr;32(2):139-41.

[21].  Swaminathan S, Thomas T, Bose B, Kurpad AV. Point of Care Haemoglobin Estimation. 
Indian Journal of Community Health. 2018 Apr 25;30(Supp):108-14.

[22]   Anemia detection in health services: guidelines for programmanagers. Seattle, WA, 
Program for Appropriate Technologyin Health,1996.

[23] Zwart A, Van Assendelft OW, Bull BS, England JM, Lewis SM, Zijlstra WG. 
Recommendations for reference method for haemoglobinometry in human blood 
(ICSH standard 1995) and speci�cations for international haemiglobinocyanide 
standard . Journal of clinical pathology. 1996 Apr;49(4):271.

[24] Kwant G, Oeseburg B, Zwart A, Zijlstra WG. Calibration of a practical 
haemoglobinometer. Clinical & Laboratory Haematology. 1987 Dec;9(4):387-93.

[25]  Van Kampen EJ, Zijlstra WG. Spectrophotometry of hemoglobin and hemoglobin 
derivatives. InAdvances in clinical chemistry 1983 Jan 1 (Vol. 23, pp. 199-257). 
Elsevier.

[26]  Validation of different tests for haemoglobin estimation Madhura Wasnik1 , Rakhi 
Tirpude2 , Nitin Wasnik3 and Vijay P Agrawal4 *

8 X GJRA - GLOBAL JOURNAL FOR RESEARCH ANALYSIS

VOLUME-8, ISSUE-1, JANUARY-2019 • PRINT ISSN No 2277 - 8160


