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INTRODUCTION 

There is some lack of agreement as to the best means 

of measuring hemoglobin routinely. Methods for research lab­

oratories seem to be adequate but a simple, accurate, time­

saving method for routine work has not been generally agreed 

upon. Some laboratories find the "Sahli principle" with an 

instrument as the Haden-Hausser (18,19) satisfactory. Other 

laboratories agree that routine hemoglobin estimations, with 

the proper planning, can be made photoelectrically, since at 

the present time most laboratories own a photometer, as for 

example, the Klett-Summerson (33) instrument. There are - two 

reasons for this lack of uniformity of method and instrument. 

Firstly, there has not been available a satisfactory, simple 

enough instrument to use for utilizing a sound, unvarying 

principle of hemoglobin estimation. Secondly, the sample itself 

has often been taken without sufficient regard as to the kind 

of blood and of the interval of time elapsing after puncture 

prior to taking sample. It has been assumed that capillary and 

venous bloods are practically identical for hemoglobin 

estimations and that all capillary bloods are the same in this 

respect. We have thought that time interval after puncture had 

no effect on hemoglobin values; that the first drops of blood, 

for example, from the ear lobe, have identical values with those 

examined some three to five minutes later. 

The "Sahli principle", employed since Sahli (29) 

introduced it in 1902, has been the most commonly used method 

for routine estimation of hemoglobin. It employs the brownish 
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color of acid hematin which is compared to a fluid or glass 

standard in the Sahli instrument. The Autenrieth-Koenigsberger 

(3), the Newcomer (26), and the Haden-Hausser (18,19) instruments 

employ this principle, having a fluid or glass standard. The 

brown color which develops upon the addition of acid to the 

blood depends on several reactions which in turn are supposed 

to be dependent on the amount of hemoglobin present. 

Barkan (4, 5, 8, 9, 10) and Barkan and Olesk (6, 7) have in­

vestigated the colorimetry of acid hematin during the past ten 

years and come to the conclusion that it is unsatisfactory and 

should be eliminated from routine procedure. Barkan (4, 5, 8, 

9) was able to demonstrate deviations as high as fourteen per 

cent when he compared acid hematin values with photometrically 

determined oxyhemoglobin. Newcomer (26) in 1930 studied 

thoroughly the optical behavior of acid hematin. He concluded 

that for routine work acid hematin may be regarded as a true 

solution and obtained a regular slope when plotting color 

development against time. Barkan (4, 5, 8, 9) and Barkan and 

Olesk (6, 7) have demonstrated the colloidal nature of acid 

hematin solutions by observing the influence of different ex­

perimental conditions upon hemometric readings. They do not 

agree with Newcomer (26} that acid hematin acts as a true 

solution for the purpose of routine hemoglobin estimations. 

Heilmeyer and von Mutius (22) also have demonstrated deviations 

up to eleven per cent when comparing the acid hematin method 

w:L th other methods of hemoglobin estimation but they consider 

it satisfactory for routine work in the absence of a more 
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instrument is based is the viewing of a varying depth of 

blood against a glass standard. This is accomplished by feed­

ing the blood into a space formed by a glass base plate and 

a specially constructed glass bridge so made that the space 

between it and the glass base gradually deepens from left to 

right. A notch on the bridge or wedge fits into a raised 

projection on the base plate and 1 ocks the bridge into position. 

Two glass standards are furnished and can be turned into position 

as is needed, one being used for readings above sixty per cent 

and the other f or those below sixty per cent. The light comes 

from an .electric bulb and after pas s ing through specially 

selected filters, is transmitted through specimen and 

standard. The use of constant glass standards and a constant 

source of l ight with such filters all ows for best optical 

contrast between sample and standard and reduces to a minimum 

inaccuracies due to variations in current and plasma color. 

Blood is taken from the finger into the narrow end of a small 

glass pipette, cal l ed t h e Sicca pipette, by capil l ary attrac­

tion or by means of suction from an open rubber cap provided on 

t he other e nd of each pipette. A steel needle, about the 

diameter of a stocking knitting needle, is dipped into the 

blood, abou t one qua r t er of an inch, through the wide end of 

t he pipette. It is then transferred first to a bottle of 

Si cca powder, where the required a mount of powder sticks to 

the steel needle and then ba ck to the blood where it is agitated 

until the blood is laked and dark reddish-purple color i n 

appearance. If the s ample is not to be read immediately it may 
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be stored in a specially corked glass tube container which fits 

into a wooden rack in such a manner that the sample is kept in 

a more or 1 ess oblique position. The Sicca powder consists of 

sodium hydrosulphite, saponin, oxalate and sodium chloride, 

which reduces, hemolyses, and stabilizes the blood. 

In making the hemoglobin estimation the base plate and 

wedge is filled by capillary attraction, the wedge locked into 

position and the complete chamber placed on the scale platform 

of the Sicca instrument and moved from side to side until the 

standard is matched. The "per cent" of hemoglobin is read off 

directly from the scale and grams of hemoglobin per one hundred 

cubic centimeters of blood is computed by multiplying percentage 

by 13.85. This figure is used on the basis that in the 

standardization of the instrument 100 parts on the scale cor­

respond to 18.5 volumes per cent of oxygen (Haldane's method ) , 

18.5 volumes per cent of oxygen representing 13.85 grams of 

hemoglobin per 100 cc. of blood. For low hemoglobin values a 

second wedge may be used which is ground to double the height 

of the first and hence readings have to be halved to obtain 

final values. 

We have evidence that hemoglobin values determined on 

the Sicca instrument compare favorably with values obtained 

using other reliable methods. Barkan (10) reports, in com­

parison with photoelectrically determined oxyhemoglobin on the 

Evelyn (15) instrument, that results as a rule, were in very 

close agreement for low as well as normal hemoglobin values. 

In a large series of experiments carried out in Montreal and 



reported to Barkan (10) by Dr. H. Hesse from Denmark, in which 

determinations by the VanSlyke method of oxygen capacity 

determination were compared with the Sicca instrument, the 

deviation never exceeded three per cent. L.ane (25) reports 

tha t the method and instrument were compared with the Haldane 

carbon-monox ide hemoglobin met hod and gave results practically 

identical. Ss6renson (31,32) found the instrument satisfactory 

in his hands. 

We tested the reproducibility of hemoglobin values 

using this method and instrument. Firstly we were able to 

demonstrate low dispersion for individual readings on the Sicca 

instrument. We usually made three readings for each determin-

ation and took the average of these for the hemoglobin value. 

In a preliminary set of data, the accuracy of which was 

representative of the readings throughout the study, fifty-

seven determinations were made on a group of nine blood samples. 

We found that fifty per cent of these had identical readings 

and in the remaining sixty per cent the deviation from the 

average of the three readings was not more than one per cent 

and usually less. Barkan (10), employing this method and 

instrument, cites low dispersion for individual readings using 

a set of fifty determinations on wh ich he took ten readings 

each. In this connection he writes, comparing the average or 

the rirst three readings (R3) with the average of the total 

ten readings (Rlo): "In 48 of the 50 cases the per cent 

deviation of the two averages: ! (R3 - R10 ) 100 was not 

R1o 

great er than two; in the remaining two cases the deviation was 
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samples he took at frequent intervals up to forty minutes, a nd 

plotted these values against time after puncture. The first 

drops of blood showed very high hemoglobin values and only 

after 8-10 minutes did they reach a level at which they remained 

practically stationary for the rema inder of the study. All 

cases he studied shCJ\.ved these phenomena, some cases being more 

pronounced than others. s¢rensen (31, 32 } verified these curves 

and he , also, was able to demonstra te these phenomena, getting 

variati ons up to 28 per cent. In a few of his cases the curve 

was reversed, be ing low at the beginning and later reaching a 

higher level and eventually flattening out. Only in .two of 

the sixteen cases he studied did he find very little fluctuation. 

Searching for a practical application of WalterhBfer's work 

he made vari ous experiments on ear lobe, venous, and finger 

t ip blood. He concluded that ear blood could be used if one 

waited at least three minutes, preferably more, after 

puncture, before filling the pipette, He wrote that he 

found little difference between finger and venous blood. He 

concluded also that pressure could be used in taking the 

sample and that the incision in the ear need not be deep 

enough to cause free flowing of the blood. 

Very recently, and after we had concluded the ex­

perimental part of our work, there appeared in the literature 

a paper by BrUckman {11) under the title, ttBlood From the 

Ear Lobe«, relating the author's experience of taking bloods 

from normal people to establish seasonal hemoglobin standards 

for Palestine. He wrote of usually taking venous blood, but 

occasionally having to take it from the ear lobe and or 
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When we compared finger blood to venous blood, we 

agree with s¢rensen rather well. On the whole, we found that 

finger tip blood agreed more generally with venous blood. 

BrUcbnan confirms us also in this respect. S¢rensen gets 

fifty-two per cent of his cases to agree within plus or 

minus two per cent in one minute after puncture. This is his 

best agreement with venous values. Diagram III illustrates 

frequency curves of our results for agreement of finger tip 

blood and venous blood. Our figures show that within the 

first minute after puncture we got sixty-four per cent 

agreeing within plus or m:L.nus two per cent of the venous 

values. Looking further into our figures it is interesting 

to observe, though this is not shown in Diagram III, that 

after three and within ten minutes 89 per cent agreed with 

venous values within plus or minus three per cent. In our 

experience then, finger tip blood does not show the large 

fluctuations that is demonstrated by ear lobe blood, but does 

show a better agreement with the venous blood. 

In general we found that pressure applied to the 

ear or finger to secure the blood sample had no influence on 

the hemoglobin values. We obtained the same results from 

samples which were taken when blood flowed freely as from 

those in which the sample had to be squeezed from the puncture . 

BrUckman reports that he found no influence exerted on hemoglobin 

values from depth of incision, pressure, and instrument used 

to make the incision. 
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DISCUSSION 

We cannot explain at this time the reason for the 

interesting WalterhBfer phenomenon observed in capillary blood 

taken from the ear. We intend to run protein determinations 

on the samples to investigate whether or not there may be a 

passage of fluid from the capillaries into the surrounding 

tissue when the ear is punctured. Walterh8fer (35) found 

these same curves in erythrocyte and leucocyte counts. Again 

Duke and Stofer (14) report, on observing the discrepancy 

between ear and venous bloods, that in studying blood smears 

microscopically they found a tendency for macrocytosis in the 

capillary blood and found a greater number of smaller red cells 

in the venous blood. They thought the difference lay in the 

fact that the large red cells showed a tendency to lag in the 

narrow capillary bed where the rate of flow is slow and the pulse 

is lost. BrUckman (11) states in his conslusions that stasis in 

the capillaries and subsequent changes in the blood composition 

may more easily occur in the ear lobe than in finger pulp. He 

adds that on current work in which he has "included red cell 

count and hematocrit determinations to his hemoglobin studies", 

he can already say that there is a tendency for macrocytosis to 

prevail in the ear lobe blood. Hahn, Ross, Bale, Balfare and 

Whipple (20) explain in detail the principles of hydrodynamics 

as applied to the problems of blood flow and blood volume. 

They speak of a surface film-axial stream relationship existing 

in blood vess els and the differences in type of particle motion 

within them as they influence the distributions of erythrocytes 
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in the vessels. They point out that when a liquid moves over 

a solid surface a sluggishly moving film exists on the surface 

of a stationary fluid film. The character of both films is 

entirely different from that of the main body of the moving 

fluid and they form a zone between the rapidly moving fluid 

and the wall. If velocity of a fluid is plotted against 

distance from the wall of the containing vessel, it becomes 

apparent that there is no motion of fluid at the boundary wall, 

and that with progression towards the center of the tube the 

velocity of motion increases. They observed upon microscopic 

inspection of small blood vessels that these two films of 

plasma existing along the walls of a vessel, are for the most 

part devoid of erythrocytes. In the blood vascular system as 

the arterioles becomes smaller and more numerous and approach 

the capillary bed there is no increase in velocity of flow but 

rather a decrease, therefore the surface films might be 

expected to constitute a progressively increasing proportion 

of the total contents of small arteries, arterioles and 

capillaries. This would tend to bolster BrUckman (11) and 

Duke and Stofer (14) in their explanation of stasis in the 

capillaries of the ear lobe. This may also have some influence 

on hemoglobin values in relationship to depth of incision, 

if there can be demonstrated a difference in the diameter of 

the capillaries in ear lobe and finger tip. More investigation 

is necessary to determine the reasons for these interesting 

variations, but for the present we know only that they seem 

to exist. 
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of the capillary. A microscopic and blood volume study of 

samples would be of value in establishing the evidence of 

stasis and macrocytosis. Applying the principles of hydro­

dynamics to the vascular system seems enlightening in a 

comparison of venous and capillary blood, and may have some 

bearing on the depth of incision, stasis and macrocytosis in 

the capillaries. 
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