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Progress in the technics of clinical biochemistry of the last two decades
which culminated in the advent of the microtechnics by means of a photo-
electric colorimeter and a flame photometer has enabled the concurrent
performance of the determination of various chemical constituents on a
small amount of blood within a short period of time even with the
significant level of accuracy that is required for clinical purposes. At
present as little as eight milliliters of blood' are, for instance, sufficient
for the simultaneous estimation of twelve kinds of blood ingredients which
are contained in Tables I and II. In our laboratory an attempt has
been made for the past several years to establish a system of graphical
representation of the chemical constituents of blood which were determined
routinely, in the hope that clinical biochemistry might be used for
diagnosis more directly and with better efficiency than it had been.

Tasre 1
Procedures employed 1)
Blood Serum
{ml.) (ml.)
~ 1. Hemoglobin (Hb) 0.05 Cyanhemiglobin method (Stadie)2)
2. Serum Protein (SP) 1 drop  Hitachi’s protein-meter (Yoshikawa) 3
3. Albumin to Globulin 0.5 Sodium-sulfate-salting-out method adapted
Ratio (A/G) to biuret reagent ¥

4. Blood Sugar (BS) 0.2 Alkaline-copper-sulfate-arsenomolybdate

method (Somogyi-Nelson) 5

A required volume of venous blood (8 ml.) was withdrawn with a
completely dried aseptic syringe from each patient assigned for the
biochemical examination, and it was transferred into a glass vial con-

* Read before the general meeting of the Japanese Hematological Society held in
Kyoto on April 4, 1955.
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Tape 11
Procedures employed

Serum :

(ml.)
1. Icteric index (I3) 0 Comparator colorimetry with potassium-dichromate-

cobaltous-sulfate solutions as standard series ?)
2. Bilirubin - (Bil) 0.60 Methanol-diazo method (Malloy-Evelyn) 8
One-min. Bil." (1-Bil)

3. Cephalin cholesterol 0.20 Sumitomokagaku’s Hanger antigen (Hanger)?)

flocculation test (CCF)
Cholinesterase ~ (ChE) 0.10 Phenol-red-comparator method 10)

Alkaline phosphatase 0.40 Modified Shinowara’s glycerophosphate method 1)
(Alk P)
Cholesterol (Chol) 0.20 Modified Bloor’s method 11
Phenol turbidity test 0.20 Kunkel’s method 12)
(Ph t)
8. Non-protein nitrogen 0.30 Trichloroacetic acid filtrate of serum, digested with
(NPN) Hg-containing sulfuric acid, followed by Nessle-

rization. 13)

taining dried oxalate mixture (about 1 ml.) and a centrifuge tube (about
7ml.) in order to be sent to the laboratory. Blood constituents including
hemoglobin in blood, protein, albumin, globulin, glucose, icteric index,
cephalin cholesterol flocculation test, cholinesterase, alkaline phosphatase,
cholesterol, phenol turbidity test and non-protein nitrogen in serum were
determined, and they were plotted on a special graph for their clinical in-
terpretation which was concerned with the appraisal of the general con-
dition and organ dysfunction of the relevant patient.

The purpose of  this paper is to present the results of our attempt
at formulation of a system of graphic representation of blood chemistry
as well as to portray its clinical significance in a summarized form.

APPRAISAi, OF GENERAL CONDITION

Three milliliters of blood were sufficient for determination of hemo-
globin in blood (Hb), total protein (SP), albumin to globulin ratio
(A/G) and glucose in serum (BS), when the procedures listed in Table I
were employed. If the determinations of the constituents are plotted
on a graph (Figure 1), and the points thus obtained are connected, a
chart, such as depicted in Figure 2, will be the result. In this figure
the graduated horizontal lines on which the constituents are plotted
individually are arranged for the purpose of easy visualization in a
manner that the upper and lower limits of their normal ranges stand
separately on two assumed lines which are supposed to cross the graduated
lines perpendicularly, circumscribing a rectangle which connotes normal



Blood Spectrum 29

area. A healthy person gave, of course, an approximately vertical line
which remained within the normal area (pattern N or normal). In a
diseased person the connection line presented a variety of shapes which
are different from that of normal individuals (Figure 2); it assumed
L-shape when albumin to globulin ratio was subnorml (pattern L), and
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Fig. 1 Graph A for the appraisal of general condition.
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Fig. 2 The patterns of the connection line. N: normal,
L: L-shaped, Z: Z-shaped and F: falling-sideways.

mimicked Z when anemia was in combination with the low albumin to
globulin ratio (pattern Z). When hypoproteinemia was present in ad-
dition to-anemia and subnormal albumin to globulin ratio, the connec-
tion line fell sideways from upper left to lower right (pattern F). These
were apparently a few examples, but an extensive examination with a
great number of patients revealed that the connection lines were divided
into four main types, each of which was represented by N, L, Z or F
pattern with its relevant subtypes (Table III)
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Tapre 111
PATTERNS encountered (493 cases)

3. Z Z ...r......130

Others ...... 9
4, F ovrrerirnieneene.. 49
2. L t ............ 'llg Decr. Incro’
o erereresans YTb - “Hb
Lo veeeneneenns 20 Sp - .5
Others ...... 19 P p

BS. *BS

Example: °*N = N--anemia
L. = L+hyperglycemia

Then, what is really the clinical significance of these connection
lines ? Figure 3 presents the comparison of the connection lines with
the extension of pulmonary lesion 'which was examined radiologically
on 121 cases of pulmonary tuberculosis without any complication of
tuberculous process in the extrapulmonic tissues.® Inspection of this
figure discloses that the incidence of pattern N and its subpatterns de-
scends, whereas the occurrence of patterns Z and F comprising - their
subpatterns ascends in proportion to the increase in the extension of
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Fig. 3 Comparison of the connection lines with the extension' of
pulmonary lesion in pulmonary tuberculosis.
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pulmonary lesion, suggesting the presence of a certain correlation between
the connection lines and the pulmonary lesion (coefficient of contingency :
4+ 0.600). Patterns Z and F were likewise predominat over patterns N
.and L, as shown in Figure 4, when 53 cases of chronically and severely
ill patients, who died within two weeks" after they had happened to
receive the examination of blood chemistry, were observed. Inasmuch as
these observations seemed to provide support for the supposition that the
general conditions, graded as slightly, moderately and severely impaired,

FATAL CASES
130 (Chronic)

i

Y

Fig. 4 Patterns encountered in

FREQUENCY

the fetal cases of chronic

diseases.

N L Z F

might be approximately related to the patterns L, Z and F, respectively,
a comparative study was undertaken between the general conditions as-
sessed by the clinical experts and the patterns of the connection line on
752 patients with surgical as well as medical diseases. The results are
listed in Table IV, which reveals an approximate coincidence of the
slightly impaired with patterns- N and L, of the moderately impaired
with patterns L and Z, and of the severely impaired with patterns Z
and F, respectively. A coefficient of contigency of +0.500 was obtained
between the general conditions and the pattern. The determination of
blood hemoglobin, serum protein, albumin to globulin ratio and blood
sugar will accordingly be thought to afford a clinico-biohemical measure
to appraise the general conditions of patients, because Table IV justifies
that the patterns N, L, Z and F in blood chemistry are interpreted as
the slightly, moderately and severely ill states in general conditions, re-
spectively, with a certain degree of agreement which does not contradict
the purely clinical sense. Unlimited application of this interpretation
obviously jeopardizes the pertinent appraisal, however. Acute diseases
were, for instance, hardly assessed for general conditions in this way,
because their blood chemistry was rarely altered to an appreciable extent;
it was also the case with some of the chronic diseases, such as listed in
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Table V, since deviation of the pattern (to the favorable side) which
obscured the interpretation was common in these conditions. But the
opportunity of application of connection line was not reduced appreci-
ably, since the majority of patients admitted to our hospital belonged to
chronic cases which were especially suited to this kind of examination.

Tase IV
Correlation between the patterns and the clinically assessed general condition.
PATTERN
N L V4 F
GENERAL Slightly 170 12 51 4
CONDITION Moderately 66 91 150 22
impaired Severely 5 12 13 36

(752 cases in all, excluding acute illness)
Contingency Coeflicient 0.500

Tase V
Pattern deviation encountered in 1620 cases of various diseases.

PATTERN DEVIATION
1. Acute Cond.

Dehydration ..oeveennns dysentery, acute diarrhea
diabetes mellitus,
pyloric stenosis, etc. ...... 12
Biliary obstr. cccoeueiaet cholelithiasis,
(acute attack) cholecystitis, €tc. «-evevveens 11
Other CONAILIONS ceeertrteruianveirrerasisiirieniorsrneonsnns 21
2. Chronic Cond.
Dehydration .eecevenenss liver cirrhosis (ascites) ..o 3
INEOPIASTIA «erevvrernreeerreeeniersareasiereaieeaseeanescens 8
Other conditions «voeeveviviiiriiiiiiiiriiienieiiiiiee, 8
6
3.9 D4 cueeeeerereeeere et nann ; égb’

APPRAISAL OF HEPATIC FUNCTION ¥

Five milliliters of blood in addition to the three milliliters which
have been mentioned enabled the expansion of the framework of the
examination to the extent that was listed in Table II. Twelve kinds of
determinations or tests were thus feasible simultaneously on eight milliliters
of blood, in total amount, for every patient when procedures described
in this table were employed.

It was demonstrated by the comparison with the results of the liver
biopsy ™ (on 159 patients, including hepatobiliary as well as non-hepato-
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biliary diseases) that, among the determinations and tests, cephélin chole-
sterol flocculation test (CCF), serum cholinesterase (ChE), albumin (Alb)
and globulin (Glob) indicated the damage to hepatic. parenchyma, while
total serum bilirubin (Bil), alkaline phosphatase (Alk P), cholesterol (Chol)
and phenol turbidity test (Pht) mirrored the obstruction to. biliary tract.
Table VI and Figure 5 are presented in order to show their sensitivity and
specificity for the respective hepatobiliary. disturbances. A graph, like that
shown in Figure 6 was -constructed. by the. tests.which were.thus classified

SPECIFICITY OF H‘EPATIC TESTS
Alb. Glob ChE CCF

cases

201

20
N 104

cases
20‘1

H.B
104

20
N 304

30 20 it 11

Fig. 5 Specificity of hepatic tests. H.B: hepatobiliary diseases, N: without
hepatobiliary diseses. Units on the abscissa are as follows: Albumin
and globunin in g./dl; bilirubin and cholesterol in mg/dl; alkaline
phosphatase in Bodansky unit; Cholinesterase in pH; Gros’ reaction
test in ml. of Hayem’s solution consumed ; cephalin cholesterol floccul-
ation test in 0 to 4+. White column represent the cases of normal test
and the black column the cases, of positive or pathological test.
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Fig. 6 Graph B (left) for the detection of the damage to hepatic parenchyma,
and graph C (right) for the appraisal of the degree of biliary ob-

Struction.
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into the indicators of parenchymatous damage and those of the biliary
stasis.  In this graph the limits of normal range are denoted by nodules
on the graduated lines, and these are arranged. in a way that a normal
person gives two connection lines, one of which is straight and oblique
from upper right to lower left in the realm of the indicators of parenchy-
matous damage (the left half) and the other of which passes vertically
from top to bottom to the left of nodules (upper limits of normal range)
in the area of the indicators of biliary stasis (the right half). Patients
with hepatobiliary diseases gave, of course, straight or variously bent lines
which were different from those of normal. The lines of parenchymatous
damage were assorted into patterns N, n, d and D according as the rele-
vant tests deviating from normal range were zero or one, two, three and
four in number, respectively (Figure 7). Lines of biliary stasis were also

)

: n
. CcF : 1-Bil.
- Alb. - Alk.P,
Glob. ( Chol.
ChE. R W Ph.t.

Y ® ’
* . CCF —— 1-Bil.,
Alb. v ~Alk.P.
Glob. s Chol.
&  ChE. Ph.t.
CCF. 1-Bil.
Alb, Alk.P.
Glob. Chol.

ChE. ,

Fig. 7 Various pathologcal patterns of graph B (left) and graph C (right).

classified similarly into patterns N, n, o, and O, and it was assumed from
the comparative study of hepatic tests and liver biopsy (Table VI) that
the disturbance in the hepatic parenchyma or biliary outflow might be
increasingly profound as the patterns advanced in the order N—>n—d—D
or N—>n—>w-—>0. The application of the graph to the diagnosis of hep-
atitis and liver cirrhosis is presented in Figure 8, where scattering of dots
shows the determination of individual cases, and the strips represent the
confidence limits (a=0.05) of the mean connection line. It is apparent
from this figure that the connection line of hepatic damage gives pattern
d for hepatitis and pattern D for liver cirrhosis, while that of biliary
stasis exhibits pattern o and pattern n for hepatitis and liver cirrhosis,



35

Blood Spectrum

(1oddog pue eSiongy BT 3() 193 AUPIQIN] SPLIO[YD WNIPOS-2ILJ[NS WNIUOWWY  soksksk

(128uepy) 1891 worrenodoy [o1a3sajoyd uipeydory sksksk
*A8o10351q o1vedoy ur suoneIale [enpraIpul
uﬁ JO uonEWWINS 943l IO 2]0YM B SB PIIIPISUOD INsSI} IOAI[ 9yl O) afewep ayy, sk
*UOIIB[2LI0D JO SIUIIOLYI0D Y} I0J (GO°0=2) ouedoyIudis Jo [2A97] %

G0z 0+

860°0— | 8gI'0+ LO1°0— | 190°0— gL1"0 0¢l1 3 "prqani
G91°0— . 690°0+ _ [L1°0+ | LIT°0+ | ¢01°0+ GLT 0 134 #xkk 11 IDEN-YOS
860°0— | 981°0+ w L8170~ 691°0+ |-$C1°0+ 9.2°0 0§

[ousyg
3(YHN)

1 *prqany jowrdyy,

900°0— | €82°0+ | FIE0+ | 0910+ | G670+ | 9/2°0 05 173 arejns oury
12170+ | 116°0— | S66°0— | 9600~ | 203°0— | 872'0 9z Uo10EaI SOXD)
200°0— | 63€°0+ | S8%'0+ | 18870+ | 8¥G0+ | 8520 | 9L wkxL A DD
¥120— | 6¥5°0— | 196°0— | $62°0— | [95°0— | 8GI°0 L61 aseaoIsOUI[OY)
1%¢°0+ | S9I'0+ | 9¥0°0+ | 8G1°0— | £9§°0+ $L1°0 621 asereydsoyd 1y
PPE0+ | 900°0+ | 8SI'0+ | 631°0— | 15070+ | g81°0 | SII [o12389100))
66%°0+ | 9/g0+ | ¥IZ0+ | €010+ | 9660+ | 66170 €61 urqnarjg
ZEI°0+ | 0B0'0+ | 090°0— | 6/0°0— | 2h0'0— | 86170 66 asoonyn
860°0— | ¥0g'0+ | W0+ | gL1t0+ | L0t0+ | 21270 98 wsSontu urjosd-uoy
€b6°0— | ¥CF0— | ¢8§°0— | 033°0— | 8c6°0— | S91°0 vl ones +qo[8 03 *qry
0¥6°0+ | €660+ | 8IE0+ | 960°0+ | 1F0+ | $91°0 Tl urnqorn
F1°0— | ¥6¢°0— | 11§°0— | 861°0= | GGg'0— | 6910 rag! urunqy
FIL0+ | SII°0+ | 80I'0+ | 190°0— | 86070+ | $91°0 orl urojo1g

91
61

2%

6l
¢l
‘1
01

S F 8 SN B

K4
T

SIS®IS Suriies uonjewr | oSeurep | oSewep | 1e[2.1I0D
Axeiig : S -Wegul | {[22 I9ATT| *¥*Konssi} | Jo 4 [Jooo | sase)
(@ (o) @ | () edoy | yrusurg

(saseasip Luierpiqoreday-uou se [jom se Aretrjiqoreday
Surpnpour sased gG1) ASojoisry duedsy pue s3s93 orpedsy oYl UIMISQ UOIIR[IIION)

H »\/ m&m/\.rﬁ

iver cirrhosis

The contrast becomes

tasis) and 1

iary s

g the contrast which exists between hepatitis (rela-

irrorin

ly slight hepatic damage with marked bil
(profound hepatic damage and slight biliary stasis).

tive
more evident when the determination of individual constituents are ob-

served with respect to their extent of deviation from normal range.

respectively, m

Liver

inemia

hosis distinctly surpasses hepatitis in the degree ‘of hyperglobuli

as well as in the extent of reduction in albumin and cholinesterase.

C1rr

The

tissue

1C..

ins that- severe damage  to hepat

nta

hich mai

on w

] observat

inica

<l



36 Susumu Sibata

' HEPATITIS, 1-2 Week

YY)

08 . 06

LIVER CIRRHOSIS

& NPN
?
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Fig. 8 Blood spectra of hepatitis and liver cirrhosis.

is more common in liver cirrhosis than in hepatitis is thus substantiated
more vividly. = It will therefore be obvious that for the exact appraisal
of hepatobiliary disorder not only the pattern but also the deviation of
connection line should be taken into consideration. Incidentally an addi-
tional remark is made about the fact that, as is revealed by the clinical
observation, blood chemistry indicates more severe depletion in liver cirrhosis
than in hepatitis, because the connection line for the appraisal of general
condition bears pattern Z in the former against pattern L in the latter
This will afford further proof for the usefulness of the connection line, al-
though indirectly.

Application of the graph to the diagnosis of biliary stasis is exemplified
by the case which is illustrated in Figure 9. A cursory glance at the figure
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reveals a depleted patient (connection line of general conditions: Z pattern)
with considerable jaundice (icteric index over 10; the serum bilirubin 13.5
mg/dl); and the scrutiny of the connection lines shows without any re-
ference to the record of morbid history that the patient had distinct obstruc-
tion to biliary tract, since the line of biliary stasis bears 0 pattern. No
doubt, it was accompanied by a moderate degree of damage to hepatic tissue
(connection line: pattern d), but the negative reaction in cephalin chol-
esterol flocculation test pointed to the fact that the damage énsued from biliary
obstruction rather than from primary hepatic destruction. The patient, a
house wife aged 40, entered the Hospital of the Yamaguchi Medical College

bt 215 s NPN

Fig. 9 Blood spectum of a case of cholelithiasis.

on 15 October 1953 because of severe epigastric pain, noted jaundice five
days later, received internal treatment, and was discharged with alleviation
of symptoms on 19 December of the same year. She re-entered the hospital
on the first day after discharge, because she had recurrence of pain, and
was examined for blood chemistry. Figure9 which has been given repre-

OBSTRUCTION = ey

Fig. 10 A summary of clinical
course of the patient presented in
Fig. 9, as examined by blood spe-
ctrum. I 13, II 16, II 22, 111 9, VI
18, and VII 23 indicate the date of
examinations carried out on Jan-
uary 13, February 16, February 22,
; ' March 9, April 12, June 18 and
VI8 119. ll122] 1116 July 23, 1953. The patient was

| operated on on February 19 (II'19).

HEPATIC DAMAGE
Cm—
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sents its result. Vagostigmine test for the obstruction to pancreatic duct
was negative, and X-ray examination failed to disclose gall stones even
though Telepak was used to contrast the biliary tract. Laparotomy was
done, however, .since blood chemistry strongly pointed to biliary obstruc-
tion, cholelithiasis especially. A gall stone was found, as was expected, in
the common bile duct which was dilated to the thickness of a thumb. The
subsequent course was successively traced by blood chemistry. Figure 10
summarizes the results in tabular form, where the disappearance of the sign
of biliary obstruction in proportion to the lapse of time after surgical oper-
ation is clearly visualized (Biliary obstruction: pattern 0— pattern N).
The same figure seems to show also that improvement in hepatic damage
was not so remarkable during the whole course of observation (pattern D

Fig. 11 Photomicrograph of the liver obtained by surgical operation from
the case presented in Fig. 9. Top: Proliferation of the connective tissue
in the portal space with invasion of round cells. Bottom: Scattered bile
thrombi in the lobule and in the bile ducts (indicated by arrows) associated
with the proliferation of Kupffer’s cells which engulf bile pigment granules.
(Magnification: top 100x and bottom 200 x)
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— pattern d) in spite of the removal of biliary obstruction, connoting a
damage which advanced so far that the liver could not be repaired in the
comparatively short. period of time. The conjecture was corroborated by
the histological picture of the liver which was excised at the operation.
Besides the bile thrombi there was a considerable increase in the connective
tissue and the section of bile and pseudo bile ducts of the portal space
(Figure 11)

It will now be apparent from the illustration given above that the
connection lines are helpful for the diagnosis of hepato biliary disorder,
and that the scrutiny thereof enables the conjecture of the character of
clinical conditions, both present and future, with a satisfactory degree of
reliability.

APPRAISAL OF RENAL FUNCTION

Unfortunately no sensitive blood-chemical indicator has hitherto been
obtained for the detection of renal disturbance. Non-protein nitrogen study
was therefore resorted to, although it was well known that it had much to
be desired in sensitivity as well as in specificity as a renal test (Table VII).

Tasee VII
Diseases which cause azotemia
(exceeding 40 mg./dl. of serum NPN level)

Cholelithiasis ..eeeeeereiiiiiniorieneiiaiieninin 9 NEPRIOSIS cevneerrrennaerniunenieeinieeieeeiiennses
Gall bladder carcinoma -..ceeeveeveceecennnnee 2 Nephrosclerosis ............
Subacute yellow atrophy of the liver ...... 3 Bladder cancer
LAVEr abSCESS cevrrevrereianriuinirsininensnencnones 1 Nephrolithiasis
LiVer Cancer ..c..o.eeceeeenenss reeeeeeene 2 Renal tuberculosis eeeeeveeieriinineiianiinnnes 3
Pulmonary cancer ... .2 TNtOXICATION evrrreernerietintiieiiriiireeeiieenaens 9
Pneumonia «...cccoeeenns 1 GAaStTIC CANCET ceverrrrrrrecrinissimreorensereenaens 12
Circulatory failure...c.ccoceieeiireniiineiinnnenn 2 Gastroduodenal ulcer ..cooeeiverieiiiiinianns 4
RheumatiSm «cveeveenencareienireiceeniineannensnes 1 Pancreatitis coeeeeeeenenininrieeiiniieieniuneiniieenns 3
AcUte PETItONItis weveervereerereerssiaieninaes e 2 Diabetes mellitus «oeeevereinieriniininneciinn, 1
TLEUS weeereerrnrnreersnernseensessesosasonssoinsesassns 1 Meningoencephalitis . cooovviriimianiiiiii. 3
Dysentery Neurologic diseases «eieeeeeeiesiruirinniinnens 5
Glomerulonephritis .oeeeeeenieriinnniciniiiiiinn 8 OLHETS cevrerrenaerereaceessensareassssessrocscssrensess 3
Total 104

cases out of 1620 cases examined.

The blood chemistry proved useful, however, for the diagnosis of renal dis-
eases when all of the twelve constituents of blood were examined graphic-
ally,‘including non-protein nitrogen as a part. The diffuse bilateral renal
diseases gave three different types of graph: Group (1) in which serum
protein, cholesterol and phenol turbidity exhibited the nearly normal values.
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while the serum cholinesterase activity was decreased slightly (top of Figure
12), group (2) in which profound reduction in the serum protein and albumin
formed a striking contrast with the marked increase in cholesterol, phenol
turbidity and serum cholinesterase-activity (bottom of Figure 12), and group

CHRONIC NEPHRITIS

ool o Bil.

ekt 1 =B 1
024 56 Alk.P
P

Chol.
Ph.t

Fig. 12 Blood spectra of renal diseases.

(8) which showed a distinct rise in non-protein nitrogen accompanied by
the decrease in hemoglobin, albumin and cholinesterase as well as by the
increase in blood sugar and serum inorganic phosphorus (Figure 15). Of
these three patterns the group (2) was most characteristic. Its connection line
was so pathognomonic of renal diseases that they were easily diagnosed
from the graph without any aid of the description of morbid history and
urine examination. Detailed collation of the morbid history and the result
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of kidney function tests with the classification of renal diseases which has
recently been advocated by Ellis, Evans and Wilson'® led to the conclusion
that the group (1) corresponds to the type 1 Nephritis (acute and chronic

glomerulonephritis) and group (2) to the type 2 Nephritis (nephrosis). Group
(3) was uremia. The chronic cases of glomerulonephritis alone were presented
in Figure 12 for the purpose of clarity, but acute glomerulonephritis, of
course, belonged to the pattern depicted in this figure. Acute glomerul-
onephritis was distinguished from the chronic only by the absence of ap-
preciable anemia (Figure 13). The significance of the graph for the
diagnosis of nephrosis which has been mentioned may deserve emphasis,
because no diseases, except nephrosis, have ever given the group (2) pattern.

DIABETES MELLITUS

8 10 12 14 ig , 20 :3: 20.5:;:'

NPN

? “30

650
] . 3 24
400 500 . 600

Fig. 13. Blood spectra of diabetes mellitus and acute glomerulonephritis.
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APPLICATION TO THE DIAGNOSIS OF VARIOUS :DISEASES

The graph was applied with a considerable success for the diagnosis
of diseases which were characterized by distorted patten of blood chem-
istry, as for instance diabetes mellitus. This formed a pronounced right-
ward protrusion on the connection line (for the appraisal of general con-
dition) in accordance with the position of blood sugar, because hypergly-
cemia constituted the most salient feature in diabetes (Figure 13). The finial
diagnosis should, however, await the contemplation of the morbid history and
physical examination, and, on occasions, even the glucose tolerance test may
be required, because there are a great number of pathological conditions.
besides diabetes mellitus which cause hyperglycemia (Table VIII), and the
diabetes without rise in blood sugar during fasting is not rare.

Tase VIII

Pathological conditions which cause hyperglycemia eXceeding
the level of 120 mg./dl. of fasting blood sugar.

1. Because of the hepatic disturbances .....cooceerieiieiiiiiiiiiiiiiiiiiiinen, 87 cases
hepatitis, liver cirrhosis, Banti’s syndrome, cholelithiasis;
dysentery ; malignant tumors; skin diseases; eclampsia;
circulatory diseses; renal diseases; febrile diseases

2. Because of the hepatic and pancreatic disturbances ..c.ceeeeverinnenen 37 cases
gastric cancer, gastroduodenal ulcer ; diseases of the spinal
cord entailing bilateral paralysis of the lower extremities;
peritonitis ; retroperitoneal- tumor

3. Because of the pancréatic AiStUrbances.cooveviviinininiiiiiiiiiiiiiieaae 46 cases
diabetes mellitus, pancreatitis, pancreatic cancer

4. Because of the disturbance of the central nervous system .....c..ou. .13 cases

.. - menimgitis, encephalitis, poliomylitis, brain tumor, cere-
bral vascular diseases

183 cases
out of 1620 casese examined.

Application of the graph to gastric cancer and gastroduodenal ulcer

is.summarized in Figure 14 which discloses conspicuous depletion-and im- -

paired-hepatic function in the former in contrast with the relatively good
nutrition and comparatively well-preserved hepatic function in the latter.
(Of course a minor part of the cases of gastroduodenal ulcer were indist-
inguishable from the gastric cancer because of the marked disturbance in
nutrition and hepatic function which resulted from the severe homorrhage
into the digestive tract)

Anemia has been the greatest thema in which the hematologists cherish
special interest, but in the daily practice of medicine profound anemia is
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Application of the blood spectrum to the gastroduodenal diseases

N, n, d, and D are the notation of the patterns of connection line for the
damage to parenchymatous damage, while N, L, Z, and F are those for

the appraisal of general condition.
cholinesterase activity.

ChE indicates the histogram of serum

common among the discases of digestive organs and the neoplastic diseases
for the diagnosis of which not only the blood hemoglobin concentration
but also the appraisal of general condition and organ functions are de-

manded.

Primary blood diseases were not so frequently encountered as the

secondary anemia resulting from the diseases of the extra-hematopietic or-

gans (Table IX).
anemia.

Ll

Tasre IX

Diseases wich entail profound anemia (blood hemoglobin
concentration is below 9 g./dl.)

Digestive diseases coeevrieviireiiiinininn, 48
gastric cancer, gastroduodenal
ulcer, pancreatic cancer etc.

Malignant tumors

(excl. gastric cancer)

Blood diseases...oeceerrerinirirannens ...29

Hepatobilary diseases ....

Gross lesion of the spinal

cord ...... 10

6.

10.
11.
12..

The graph was accordingly helpful for the diagnosis of

Renal diseases «ooveviivenneiniiniininnnnin, 9
Diseases of the joint 4
Diseases of the respiratory organs ... 4
Circulatrory diseases .c.occoveeuneanianses 3
Infections diSEases .coceereerrriniensnennen 3
.3

Others ccereeurimeirenseesriesessiessmsenssnenns 18
Total 177-

cases out of 1620 cases examined.

Broop SPE_CTRUM

The graphic representation of the data of systematic examination of the



44 Susumu Shibata

various chemical constituents of blood which has been described in the pre-
ceding sections has for the past several years been designated by us as BLOOD
SPECTRUM, since it provides a convenient measure for the detection of
the distorted pattern of blood chemistry in a spectrum-style. It contains
twelve selected items at present, but they will in the future be displaced
by the new and better, and they will also be either increased or decreased
in number with the progress in the technic and knowledge of clinical bio-
chemistry, because they are not the. best for the detection~of diseases even
at the present stage of our study. However, special méntion should be made
of our experience that a systemic' examination of blood- chemistry which
was applied uniformly to every patient without regard to the kind of dis-
eases was superior in efficiency and fruitfulness of information to the con-
ventional way of arranging various tests for the sole purpose to support or
confirm the tentative diagnosis which had been conceived intuitively at the
bed side, although at the commencement of our study it was a little feared
that systemic examination might entail waste of time and labor. An illu-
strative case will be given below.

336

NPN

s Bil.
f . 1-Bil.

4 ! Chol.
2 Phot.

Fig. 15 Blood spectrum of a case of uremia.

A forty-four-year-old man was admitted to the hospital because of
epistaxis and dyspnea.

Six days prior to admission the patient had for the first time epistaxis,
odontalgy and swelling of the right cheek. The epistaxis was persistent
three days later when he had the onset of dyspnea. On the day of entry
he passed tarry stool and became stuporous.

Physical examination revealed an emaciated, stuporous and dyspneic
man. The skin of the lower- extremities was studded with purpuric pete-
chiae. There were dry sibilant rales all over the chest. The liver edge
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was felt 3 cm. below the costal arch. Kidneys and spleen were not palpa-
ble. Blood pressure was 100/35 mm. Hg.; pulse rate 60. Urine was nega-
tive for protein. Bleeding time was 6.5 minutes. Rumpel-Leede’s pheno-
menon was negative. He expired 18 hours after the admisssion.

A tentative diagnosis of hemorrhagic purpura was instituted, and this
would have been quite right as a bed-side diagnosis for this case, because
it will be the first which comes to our mind. But had we adhered to the
diagnosis, we would have tried in vain to carry out a long series of he-
matological tests until we would have become aware that we had been mis-
guided and led astray into an enigmatic labyrinth by prejudice, since the
blood spectrum which was examined independently clearly demontrated that
the patient had an unequivocal uremia, as its data are shown in Figure
15. There was a marked rise in non-protein nitrogen and inorganic phos-
phorus, hyperglycemia and the diminution of serum cholinesterase activity.
The diagnosis was confirmed by autopsy (Anatomical diagnosis: Contracted
kidney and hemorrhagic diathesis due to uremia. Figure 16 and 17).

by

TSN

Fig. 17. Photomicrograph of the kidney of the case
presented in Figs. 15 and 16. Proliferative and
sclerosing glomerulonephritis with atrophy of the
tubules which contain protein coagulation. Inter-
stitium is somewhat fibrous and studded with round
cells. (Magnification 100 x)

Fig. 16. Schematic representation of the autopsy finding of the case whose blood
spectrum was presented in figure 15. Hemorrhages in the lungs, esophagus,
duodenum, jejunum, coecum, and rectum are indicated by black spots.
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DISCcUSSION

The case which was presented in the preceding section was not
quoted with the intention of exhibiting a unique instance for which system-
atic examination of blood chemistry was specially efficacious, although it
was obviously impressive, because equally impressive examples were not
few, and in the daily work of clinical biochemistry the blood spectrum
contributed to the clinical diagnosis in various ways. QOur experience with
1620 cases which comprise medical as well as surgical patients is summar-
ized in Table X which reveals that the blood spectrum was useful for (1)

Tase X
Application of blood spectrum

1. Clinically Supposed Diagnosis was confirmed ....c..cc.coevvnueee 58
Hepatic d. (37), Nephrosis (10)
Renal d. (3), Diabetes (5)
Rheumatoid arthritis (3)

2. Strong Clue of diagnosis was obtained ....ccoooevviviniiniiniin 64
Hepatic d. (52), Nephrosis (3)
Renal d. (2), Diabetes (5)
Poisoning (1), Hypothyroidism (1)

- 3. Complication was revealed «.ccoeerrieerreiiiiiiiniiniiiiiniininiiinnn, 169
Hepatic d. (142), Azotemia (17)
Dehydration (8), Malnutrition (2) 291
1620

Blood spectrum was useful in 17.9 9

the confirmation of bed-side diagnosis in 3.6 per cent, and contributory to
(2) the establishment of clinical diagnosis which had been entirely enigmatic
at the bed side on account of the failure to get the clue to diagnosis in
3.9 per cent, while it was helpful for (8) the detection of complications
which were covered by the principal diseases (hepatic disturbances, renal
‘disturbances, dehydration, malnutrition etc.) in 10.4 per cent. The blood
spectrum served therefore as a useful tool for detection of positive find-
ings of diseases in about 18 per cent of cases which came under our exam-
ination, and in a few instances it was also indirectly helpful even for the
diagnosis of the remaining 82 per cent, inasmuch as the blood spectrum
facilitated the institution of correct diagnosis by affording the negative
findings against a particular suspected disease. It will likewise deserve
special mention that the detection of complication exceeded the combination
of the confirmation of bed-side diagnosis and the institution of clinical diag-
nosis in frequency. However, a diagnostic measure can not be equally
efficient in all kinds of diseases. It is usual that a measure which is so
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useful that it is felt mandatory for the diagnosis of one disease is little
helpful for that of the next. Blood spectrum is not the exception. It-is
almost useless for the diseases of nervous system and skin, whereas it serves
much for the diagnosis of hepatic, renal and endocrine diseases, because the
neurologic and dermatologic maladies hardly entail an appreciable alteration
in blood chemistry on which the blood spectrum is established. Here is
the limitation of the application of blood spectrum. But this casts no dense
shadow upon the clinical significance of blood spectrum, since it gives positive
findings for the detection of abnormality in 18 per cent of the cases which
are encountered in the daily work of clinical laboratory. As has been
stated in the preceding sections, in our experience systematic examination
of blood chemistry proved to be superior in efficiency and economy to the
repetition of useless tests which were falsely directed and chosen by the

prejudice of the erroneous diagnosis. which was entertained at the bed-side,
although uniform performance of numerous determinations without regard

to the kinds of diseases had been feared to entail waste of time, labor and

materials.

It is however apparent that the blood spectrum is beyond the capacity
of the side-work of internists and surgeons, because there are many deter-
minations contained in it, and this is the very reason why modern clinics
require clinical biochemists. But they are unfortunately liable to lose their
enthusiasm for their job when they are not well informed of the importance
of the examinations which are submitted to them, since routine clinical bio-
chemistry demands labor, patience and meticulous attention for the succes-
sion of monotonous and tedious procedures. The blood spectrum was devised -
partly with the intention of overcoming mental weariness of this kind which
might .encroach upon the activity of a person engaged in clinical biochem-
istry. It enables a unique clinical diagnosis which is established on the
basis of blood chemistry when morbid history has been given beforehand
for the purpose of reference. In our belief clinical biochemists ought to be
specialists not only of the biochemical determinations, but also of the ef-
ficient application of their data to the clinical diagnosis.

SUMMARY AND CONCLUSION

A system of graphical representation of twelve chemical constituents of
blood which were determined routinely was presented as a useful tool for
the clinical diagnosis, and this was designated under the name of BLOOD
SPECTRUM. It contained four graphs: Graph A for the appraisal of
general condition—hemoglobin in blood, protein, albumin to globulin ratio
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and serum glucose, Graph B for the detection of damage to the hepatic
parenchyma—cephalin cholesterol flocculation test, albumin, globulin and
cholinesterase in serum, Graph C for the detection of biliary obstruction—
icteric index, one-minete bilirubin, alkaline phosphatase, cholesterol and
phenol turbidity test of serum, and Graph D for the detection of kidney
disturbances—non-protein nitrogen.

Observation in which one thousand six hundred patients were submitted
to the blood spectrum revealed that it enabled (1) the appraisal of general
condition by means of blood chemistry, (2) the detection of hepatic disturb-
ances and biliary obstruction, (3) the diagnosis of the parenchymatous and
the obstructive jaundice, and (4) the differential diagnosis of glomerulo-
nephritis,- nephrosis and uremia. The blood spectrum was similarly helpful
in the diagnosis of diabetes mellitus, anemia, gastroduodenal ulcer and
gastric cancer, and was useful for the diseases of the liver, kidney, pancreas
and some endocrine organs in general. It was either positively contributory
to the confirmation of bed-side diagnosis, or available for affording strong
clues to the diagnosis which had been hard to establish at the bed side in
8 per cent, while it also contributed to the dlscovery of complications in 10
per cent of the cases. In a- few cases the blood spectrum successfully re-
vealed the principal disease which had been entirely enignmatic.

REFERENCES

1) SwuiBaTA, S.: On the routine works of clinical biochemistry feasible in the present con-
dition of clinical laboratory in Japan. Rinshobyori (Jap. J. Clin. Path.), 2.: 379, 1954.

2) Srapig, W. C.: A method for the determination of methemoglobin in bood. J. Biol.
Chem., 41 : 237, 1920. : )

3) YosHixkAwa, H.: A simple refractometer and its use for the determination of serum
protein. Tokyo Ijishinshi, 56 : 431, 1949.

4) SuiBaTA, S. AND MizuTa, W.: A biuret reagent composed of copper sulfate, sodium
hydroxide and ammonia for the determination of serum protein. Bull. Yamaguchi
Med. school, 2: 1, 1954.

5) Newson, N.: A photometric adaptation of the Somogyi method for the determination
of glucose. J. Biol. Chem., 153 : 375, 1944.

6) OxaBE, M.: Frequency of the types of the blood spectrum of tuberculous patients in
relation to the extension of the pulmonary lesion. Igaku to Seibutsugaku, 33 : 258,
1954.

7) SmiBata, S.: The techniques of clinical biochemistry. Kinpodo (Kyoto, Tokyo), 1951.

8) Mavrroy, H. T. anp EviErLyN, K. A.: The determination of bilirubin with photoelectric
colorimeter. J. Biol. Chem., 119 : 481, 1937.

9) Levinson, S. A., anpD Mac FaTg, R. P.: Clinical laboratory diagnosis. Lea & Febiger
(Philadelphia), -1951.

10) SHiBATA, S. AND TakaBASHI, H.: A simple procedure for the estimation of serum chol-
inesterase by means of comparator with phenol red as indicator. Bull. Yamaguchl
Med. School, 1: 188, 1953.



11)

12)

13)

14)
15)

16)

Blood Spectrum 49

TakanasHi, H.: Some remarks on Bloor’s procedure for the determination of serum
cholesterol modified by Fister. Igaku to Seibutsugaku, 31 : 257, 1954.

KunkEiL, H. G., Augrens, E. H. anp EISENMENGER, W. J.: Application of turbidimetric
method for ‘estimation of gamma globulin and total lipid to the study of patients
with liver disease. Gastroenterology, 11: 499, 1948.

SHiBATA, Si, MizuTa, W. anDp Taxauasui, H.: A modification of Arnold-Gunning’s pro-
cedure for the determination of nitrogen in the biological fluids. Bull. Yamaguchi
Med. School, 1: 183, 1953.

SuiBATA, S.: On the routine works of hepatic tests. Rinshobyori (Jap. J. Clin. Path.),
2: 439, 1954.

SHIBATA, S.: The correlation of blood chemistry with the hepatic histology (biopsy)
in infectious hepatitis. Nippon-rinsho, 12 (Special number) : 43, 1954.

HADFIELD, G. AND GarroD, L. P.: Recent advances in pathology. Churchill (London),
1948.





