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PART |
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OF UNUSUALLY HIGH |SO-AGGLUTININ TITER AND THE IMPOR-
TANCE OF THEIR USE IN THE GROUPING OF BLOODS PRIOR TO
TRANSFUSION

ARTIFICIAL CONCENTRATION OF TEST SERUMS USED IN BLOOD
GROUPING

THE CAUSE AND PREVENTION OF HEMOLYTIC BLOOD TRANSFUSION
REACTIONS

THE ROLE OF SUB-GROUPS Al AND A, IN TRANSFUSION RE-
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THE SELECTION OF NATURAL ANTI-A AND ANTI-B TEST SERUMS OF

UNUSUALLY HIGH |SO-AGGLUTININ TITER AND THE IMPORTANCE OF

THEIR USE IN THE GROUPING OF BLOODS PRIOR TO TRANSFUSION

WiTH THE DISCOVERY OF THE HUMAN BLOOD GROUPS BY

LANDSTEINER! AT THE TURN OF THIS CENTURY, THE VAST MAJORITY
OF DANGEROUS REACTIONS WERE ELIMINATED AND THE TRANSFUSION
OF BLOOD BECAME A RELATIVELY SAFE PROCEDURE. LANDSTEINER
OBSERVED THAT THE CELLS OF SOME BLOODS, WHEN PLACED WITH THE
SERUMS OF OTHERS, WOULD CLUMP TOGETHER. THIS PHENOMENON WAS
CALLED AGGLUTINATION.Z THE SERUM FACTOR IN THIS PHENOMENON
WAS CALLED THE AGGLUTININ, AND THE CELL FACTOR WAS CALLED THE
AGGLUTINOGEN. ON THE BASIS OF THE PRESENCE OR ABSENCE OF SUCH
SERUM AND CELL FACTORS ALL HUMAN BLOODS CAN BE CLASSIFIED INTO
FOUR GROUPS. LANDSTEINER WAS ABLE TO DIVIDE HUMAN BLOOD INTO
THREE GROUPS.S THE FOURTH AND RAREST GROUP WAS ADDED BY VON
DECASTELLO AND STURLI IN 1902.% THREE NOMENCLATURES HAVE BEEN
ATTACHED TO THE FOUR GROUPS, THAT OF JANSKY IN |907, THAT OF
Moss IN 1910, AND THE "INTERNATIONAL" ACCEPTED BY THE HEALTH

COMMITTEE OF THE LEAGUE oF NATIONS IN 1927 (TasLE 1).

TaBLE |

CLASSIFICATION OF BLOOD GROUPS

INTERNATIONAL Moss JANSKY
AB | Y

A I Il

B 1 1

0 v |




GROUP AB BLOOD CONTAINS BOTH A AND B AGGLUTINOGENS
AND NO AGGLUTININS. GROUP A BLOOD CONTAINS THE A AGGLUTINO-
GEN AND AGGLUTININ P, GROUP B BLOOD CONTAINS THE B AGGLUTIN-
OGEN AND AGGLUTININ &, GROUP O BLOOD CONTAINS NO AGGLUTINO-
GENS AND BOTH & AND b AGGLUTININS.

BECAUSE OF LANDSTEINER'S OBSERVATIONS WE ARE NOW
ABLE TO PREDETERMINE WHETHER OR NOT AGGLUTINATION AND A CON-
SEQUENT REACTION WILL OCCUR WHEN THE BLOOD OF ONE PERSON IS
TRANSFUSED TO ANOTHER. THIS IS DONE BY THE USE OF SERUMS FROM
GROUP A AND GROUP B BLOODS AS TEST SERUMS. THE SERUM OF GROUP
A BLOOD 1S KNOWN AS ANTI-B SERUM AND THAT OF GROUP B BLOOD IS
KNOWN AS ANTI-A SERUM. ANTI-B AND ANT!-A SERUMS ARE PLACED ON
THE LEFT AND RIGHT ENDS, RESPECTIVELY, OF A GLASS SLIDE.
SAMPLES OF THE BLOOD TO BE TESTED ARE PLACED WITH EACH PUDDLE
OF TEST SERUM AND OBSERVED FOR AGGLUTINATION. REGARDLESS OF
VARIATIONS IN THE TECHNIQUE FOR THIS TEST IN PRESENT USE, THE
FOLLOWING INTERPRETATION 1S ADVANCED.

IF NO AGGLUTINATION IS NOTED WITH EITHER SERUM, THE
BLOOD IS CLASSIFIED AS GROUP O, |F AGGLUTINATION OCCURS WITH
THE ANTI-B SERUM ONLY, THE BLOOD 1S CLASSIFIED AS GROUP B.
IF 1T OCCURS WITH THE ANTI-A SERUM ONLY, THE BLOOD IS CLASS-
IFIED AS GROUP A AND IF IT OCCURS WITH BOTH SERUMS, THE BLOOD
IS CLASSIFIED AS GROUP AB.

DESPITE THE ADVENT OF THE KNOWLEDGE OF BLOOD GROUPS
AND THE USE OF GROUPING AND COMPATIBILITY TESTS (cF. P. 38)

PRIOR TO TRANSFUSION, OCCASIONAL SEVERE REACTIONS DO OCCUR AS




‘A RESULT OF THE TRANSFUSION OF INCOMPATIBLE BLOOD. THE MOR=-
TALITY RATE IN THESE REACTIONS IS APPROXIMATELY 65% (cF. P. 15).
SOME OF THE ACCIDENTS MAY BE ATTRIBUTED TO THE FACTOR OF HUMAN
ERROR. ONE NEEDS ONLY TO PERUSE THE LITERATURE, HOWEVER, TO
REALIZE THAT MANY ARE DUE TO THE FAILURE OF TEST SERUMS IN
COMMON USE PROPERLY TO GROUP THE BLOOD OF EITHER THE DONOR OR
THE RECIPIENT IN INSTANCES WHERE THE AGGLUTINOGENS ARE UNUS-
UALLY WEAK. |T 1S A WELL RECOGNIZED FACT THAT THERE IS A
MARKED VARIATION IN THE POTENCY OF BOTH THE AGGLUTININS AND
AGGLUTINOGENS IN THE BLOODS OF DIFFERENT INDIVIDUALS®s8s 7,
BLOODS DO EXIST IN WHICH THE AGGLUTINOGEN TESTED FOR PRIOR TO
TRANSFUSION 1S SO WEAK THAT ONLY THE STRONGEST OF TEST SERUMS
WILL SHOW DEFINITE CRITERIA OF AGGLUTINATION., THE SAFEGUARD
AGAINST ACCIDENTS OF THESE KINDS LIES IN THE USE OF TEST SERUMS
OF UNUSUALLY POTENT AGGLUTININ COMPLEMENT, STRONG ENOUGH TO
ESTABLISH DEFINITE CRITERIA OF AGGLUTINATION WHEN PLACED WITH
ANTI=-CELLS OF UNUSUALLY LOW AGGLUTINOGEN COMPLEMENT.

IN 193] Coca® REVEALED THE INDIFFERENT QUALITY OF
COMMERICAL GROUPING SERUMS AND DEFINED GRADE | SERUM AS ONE
_WHICH WOULD IN A |:4 DILUTION AGGLUTINATE A |:4 SALINE SUSPEN-
SION OF SENSITIVE ANTI-CELLS MACROSCOPICALLY IN ONE MINUTE.
SINCE THEN MOST COMMERCIAL SERUMS HAVE BEEN LABELED AS CON-
FORMING TO THIS STANDARD. BECAUSE OF DISSATISFACTION WITH THE
TEST SERUMS IN USE AT THE TIME AND THE RESULTS OF THE TITRA-
TIONS OF TWO COMMERCIAL SERUMS AS COMPARED TO COCA GRADE |

STANDARD (TABLE Il), A SEARCH WAS BEGUN FOR HIGH TITERED ANTI-



A AND ANTI1-B SERUMS TO BE SELECTED AND USED FOR FUTURE GROUP-

ING TESTS AT THE CINCINNAT! GENERAL HOSPITAL.
PROCEDURE

SAMPLES OF BLOOD WERE DRAWN FROM LARGE NUMBERS OF
VOLUNTEERS AND TESTED ACCORDING TO THE COCA METHOD OF SLIDE
TITRATION FOR SERUM AGGLUTININS.8 EACH SEruM wAs DILUTED |:10
WITH NORMAL SALINE. A |:4 SALINE SUSPENSION OF EACH OF KNOWN
A AND B CELLS WAS MADE. A MEASURED DROP OF EACH OF THE SUS-
PENSIONS WAS ADDED TO A DROP OF EQUAL VOLUME OF EACH DILUTED
ANTI-SERUM ON A GLASS SLIDE. THE TIME TO FIRST MACROSCOPIC

CLUMPI NG WAS CAREFULLY NOTED IN EACH INSTANCE. !
DATA

ANTI-A AND ANTI-B SERUMS WERE Fouub WHICH wouLD,
WHEN DILUTED |:10 WITH NORMAL SALINE, AGGLUTINATE A |:4 sus-
PENSION OF KNOWN SENSITIVE ANTI-CELLS IN 5 SECONDS MACROSCOP-
lCALLYg (TAaBLE.11). THE POTENCY OF THE SERUMS IN FURTHER

DILUTION 1S SHOWN IN TaBLE |ll. THE COMPARATIVE TITER OF THE

TEST SERUMS WITH THREE COMMERCIAL SERUMS BOUGHT ON THE OPEN

" MARKET IN 1938 1s SHOWN IN TABLE |V, THE METHOD OF SERIAL

TITRATION WAS USED. ' HERE PROGRESSIVELY DOUBLED DILUTWONS OF

0.2 cc. OF THE SERUMS ARE MIXED WITH A FIXED AMOUNT (0.2 cc. '
OF A 2.5 PERCENT SUSPENSION) OF SENSITIVE ANTI-CELLS., THE

. TITER OF THE SERUM IS GIVEN BY THE RECIPROCAL o; THE HIGHEST

DILUTION AT WHICH AGGLUTINATION OCCURS AT THE END OF TWO HOURS.




THE TESTS WERE MADE SIMULTANEOUSLY AND THE SAME ANTI-CELL

SAMPLES WERE USED AGAINST ALL SERUMS.

TasLe 11|
SERUM CeLL TIME TO FIRST
DILUTION DILUTION MACROscOPIC CLUMPING
_ GRraDE | (coca) | -4 | -4 Il sec.
ANTI=-A |=5 |-4 NO. AGGLUTINATION
CommerctaL (1) NONE | -4 14 sec.
ANTI=-B |-5 | -4 NO AGGLUTINATION
NONE | -4 8 SEC.
ANTI=-A |=D | -4 NO AGGLUTINATION
ComMmerciaL (2) NoNE | -4 16 sec.
AnT1=-B  1=5 | -4 NO AGGLUTINATION
NOoNE | -4 10 sec.
SERUM AT
CINCINNATI ANTI=A |-10 |-4 5 sec.
GENERAL ANTI=-B |=10 | -4 5 SEC.
HospP I TAL
TagLe 111
SERUM CELL TIME TO FIRST
DILUTION DILUTION MACROSCOPIC CLUMPING
I-14 | =2 20 sEc.
ANTI-A  |_|6 | -2 60 SEC.
=14 . |-2 |15 sec.
ANTI-B |_|g |-2 50 sec.




TaBLE |V

SERUM TITRATIONS - AGGLUTINATION AT END OF TwWO HOURS
DILUTION ° 2 4 8 16 32 64 |28 256 512
ANT!1 =B +~++ + i-
Commerci AL (1)
ANTI1-A ++ + + +
_ ANTI-B A+ +
CoMMERCI AL (2) H .
- H o+
ANTI -A + -
ANTI -B T e s = 2 = 2 B 2 2 +
ComMmeRrciAL (3) +H o+ A
ANTI-A H H o+ + +
- H O A A +
C.G.H. ANT I =B HHHI +
- H o+ +
AGe 3 Mmo. ANTI=A 11 Ii oo + -
L
RESULTS

TEST SERUMS OF THIS POTENCY HAVE BEEN ADOPTED FOR
REGULAR USE DURING THE PAST FOUR YEARS AT THE CINCINNATI
GENERAL HOSPITAL. RELIANCE HAS BEEN RLACED UPON MACROSCOPIC
GrROUPING (CF. P. 37).IN MORE THAN |2,000 CONSECUTIVE TESTS PRIOR
TO TRANSFUSION. A RECHECK ON THE RESULTS OF EACH TEST AT THE
END OF FIFTEEN MINUTES HAS BEEN ROUTINE PRACTICE AND IN NO CASE
HAS LATER AGGLUTINATION APPEARED WHICH WAS NOT PRESENT DURING
THE FIRST ONE MINUTE. FIGURE | IS A PHOTOGRAPH WHICH SHOWS
GROUP A AGGLUTINATION FIFTEEN SECONDS AFTER ORDINARILY SENSITIVE

ANTI-CELLS WERE MIXED WITH THE TEST SERUMS NOW IN USE.

~
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OCCASIONALLY, HOWEVER, CELLS ARE ENCOUNTERED IN
WHICH THE AGGLUTINOGEN 1S VERY WEAK. THIS 1S PARTICULARLY

TRUE OF THE A AGGLUTINOGENS IN BLOODS OF GROUPS Ao AND AoB.

?le. |« == GROUP A AGGLUTINATION FIFTEEN

SECONDS AFTER BLOOD WAS MIXED WITH SERUMS.

IN TABLE V THE ACTION OF THREE COMMERCIAL TEST SERUMS IS COM~-
PARED WITH THE ACTION OF ANTI=A SERUM NOW IN USE AT THE
CINCINNATI GENERAL HOSPITAL, WHEN PLACED WITH A SAMPLE OF GROUP
A CELLS OF LOW AGGLUTINOGEN TITER.

THE ‘NECESSITY FOR USE OF TEST SERUMS OF UNUSUAL
AGGLUTININ TITER IN ORDER TO PREVENT ERRONEOUS GROUPING AND
CONSEQUENT TRANSFUSION ACCIDENTS CANNOT BE OVERSTRESSED. FUR-
THER EMPHASIS WILL BE GIVEN TO THIS SUBJECT IN SUCCEEDING pARfs
OF THIS REPORT,

THESE SERUMS WERE REGULARLY PROVIDED FOR ALL DEPART=-
MENTS AT THE CINCINNAT!I GENERAL HosPITAL, THE CHILDREN'S Hos-
PITAL, AND THE CHRISTIAN R. HOLMES HOSPITAL FOR A PERIOD OF
THREE YEARS AT A TOTAL COST OF $200.00 FOR A QUANTITY OF |500

CCs OF SERUMS USED. THE COST FOR COMMERCIAL TEST SERUMS IN



THE SAME QUANTITY WOULD RANGE FROM $2250 TO $6000. BEGINNING
DecemBer |0, 1938 THE SERUMS HAVE BEEN SELECTED IN THE SUR-

GlCAL LABORATORIES AT THE CINCINNAT!I GENERAL HOSPITAL AND ARE

TasLE V

GROUP A, BLOOD WITH CELL FACTOR OF Low TITER
(EQDAL PARTS WHOLE BLOOD AND SERUM)

ANT1=-A COMMERC! AL TIME TO MACROSCOPIC
SERUM AGGLUTINATION IN MINUTES
Il 2 3 4 5 |0 15

o oo o t
+ + + + +

|
2

1+ O

3

+ O o o

o oo %t ¢+ +
+

C.G.Hs ANTI-A SERUM ++ +H +H+ A

-

DISTRIBUTED BY THE WM. S. MERRELL COMPANY ON A NON=-PROFIT
BASIS THROUGH AGREEMENT WITH THE BOARD OF TRUSTEES OF THE UNI-
VERSITY OF CINCINNAT!, THIS ARRANGEMENT WAS MADE‘IN ORDER TO

INSURE A PERMANENT SUPPLY OF THE TEST SERUMS IN THE FUTURE.,

- —
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US AS A POSSIBLE METHOD FOR ACCOMPLISHING THE SAME PURPOéE.

ARTIFICIAL CONCENTRATION OF T?ST SERUMS USED IN
BLOOD GROUPING
FOR THE éAST FOUR YEARS THE SAME TWO DONORS HAVE
SUPPLIED ALL THE ANTI!-A AND ANT!-B TEST SERUMS USED FOR THE
DETERMINATION OF BLOOD GROUPS IN THE UNIVERSITY HOSPITALS.
HOWEVER, 'DONORS WHOSE SERUMS EXCEL THE REQUIREMENTS OF Coca's
GRADE | AND PARTICULARLY THOSE WHO MEET THE ABOVE MENTIONED
STANDARDS ARE RARE, AND FINDING THEM IS Accomlesnso ONLY
AFTER CONSIDERABLE SEARCH.
CONSEQUENTLY A METHOD FOR CONCENTRATING THE HEMAGGLU- 1
TININS IN SERUM 1S HIGHLY DESIRABLE TO INSURE AN UNLIMITED FU-
TURE SUPPLY. ARTIFICIAL CONCENTRATION BY ALTERNATE FREEZING
AND THAWING HAS BEEN PROPOSED BY TerrY.'! THE LYOPHILE METHOD ‘

OF DRYING SERUM AS REPORTED BY FLOSDORF AND MUDbl2 APPEARED TO

We HAVE BEEN ABLE TO DRY SERUM BY THIS METHOD AND REDISSOLVE
THE RESIDUE IN LESS THAN THE ORIGINAL VOLUME. THE RESULTING
PRODUCT WAS FOUND TO HAVE A HEMAGGLUTININ TITER GREATER THAN

THE UNPROCESSED SERUM AND TO BE SUITABLE FOR USE AS TEST SERUM.
TECHNIC

UNDER STERILE PRECAUTIONS 200 cC. OF ANTI-B SERUM WAS
DRIED BY THE LYOPHILE METHOD. THE SOLID WAS THEN COMPLETELY DIS-
SOLVED IN 50 CC. OF STERILE DISTILLED WATER AND THE SOLUTION WAS

FOUND TO CONTAIN ACTIVE ANTI1-B HEMAGGLUTININS WHEN PLACED WITH

KNOWN SENSITIVE ANTI-CELLS. SAMPLES OF THE UNPROCESSED AND PRO-

12



CESSED PLASMA WERE THEN COMPARED FOR ANTI-B HEMAGGLUTININ
POTENCY ACCORDING TO THE METHOD OF SLIDE TITRATION DESCRIBED

BY COCA8. THE RESULTS OF THE TITRATIONS ARE GIVEN.
DATA

SERUM WHICH WOULD AGGLUTINATE MACROSCOPICALLY AN
EQUAL VOLUME OF ANTI-CELLS IN WHOLE BLOOD IN TWENTY SECONDS
WAS PROCESSED, RESULTING IN A SERUM WHICH UNDER THE SAME

CONDITIONS AGGLUTINATED THE SAME CELLS IN FOUR SECONDS

(TaBLE VI).
TasLe VI
COMPARISON OF AGGLUTININ TITER OF PROCESSED AND UNPROCESSED
- SERUM
ANTI CELLS MACROSCOPIC
WHOLE BLOOD AGGLUTINATION:
SERUM AMOUNT, cC. cC. TIME
UNPROCESSED eececee 0.05 0.05 20 SECONDS’
PROCESSED secvsesss 0.05 0.05 4 SECONDS

(ONE FOURTH OF ORIG-

INAL VOLUME)
PROCESSED ceccevses 0.05 0.056 20 SECONDS
(REDILUTED TO ORIG-

INAL VOLUME)

THIS INDICATES THAT THE HEMAGGLUTININ TITER OF THE SERUM WAS
INCREASED IN INVERSE PROPORTION TO THE VOLUME. THE PROCESSED
SERUM WAS THEN REDILUTED TO THE ORIGINAL VOLUME AND THE
HEMAGGLUTININ POTENCY WAS THE SAME AS THAT OF THE UNPROCESSED
SERUM, SIMILAR RESULTS WERE OBTAINED WITH THIS SERUM IN VARIOUS

DILUTIONS AND WITH OTHER SERUMS, BOTH AS TO RETENTION OF GROUP

13




SPECIFICITY AND AS TO THE CONCENTRATION OF AGGLUTININS . IN
MOST INSTANCES IT WAS POSSIBLE TO OBTAIN, WITHIN TWO MINUTES,
COMPLETE SOLUTION OF THE DRIED PRODUCT IN ONE FIFTH OF THE
ORIGINAL VOLUME OF THE SERUM; IMPERFECT DRYING RESULTED IN

A GUMMY PRODUCT WHICH RESISTED SOLUTION, AND THE HEMAGGLU-
TININ ACTIVITY OF THE SUPERNATANT LIQUID WAS MARKEDLY LOWERED

OR ABSENT.
SUMMARY AND CONCLUSIONS

UNUSUALLY HIGH TITERED TEST SERUMS MUST BE EMPLOYED
IN ORDER TO DETECT CLEARLY WEAK A AND B CELL FACTORS. SERUMS
OF INADEQUATE TITER MAY BE ARTIFICIALLY CONCENTRATED BY THE

LYOPHILE METHOD. THIS WILL PROVIDE A LESS LIMITED SOURCE OF

SUPPLY THAN HAS BEEN PREVIOUSLY AVAILABLE FOR USE IN THE GROUP-

L)

ING OF BLOODS PRIOR TO TRANSFUSION,

14




THE CAUSE AND PREVENTION OF HEMOLYTIC BLOOD TRANSFUSION
REACTIONS
MANY OF THE UNTOWARD ACCIDENTS WHICH FOLLOW THE
TRANSFUSION OF INCOMPATIBLE BLOOD ARE OF THE DELAYED OR,HEMO-
LYTIC TYPE, RESULTING FROM HEMOLYSIS OF THE CELLS OF THE DONOR
OR THE RECIPIENT IN THE BLOOD STREAM., THE CLINICAL AND PATH-
OLOGICAL FINDINGS IN CASES OF HEMOLYTIC TRANSFUSION REACTION

13 AND BY BAKER AND

HAVE BEEN LUCIDLY DESCRIBED BY BORDLEY
Dooos.‘g3 THE SYNDROME 1S USUALLY CHARACTERIZED BY A SHARP
FEBRILE REACTION WITHIN A FEW HOURS OF THE TRANSFUSION. THIS
MAY OR MAY NOT BE DISTINGUISHED BY SIGNS OF IMMEDIATE RE-
ACTION OR FOLLOWED BY JAUNDICE. HEMOGLOBINURIA AND OLIGURIA
OR ANURIA FOLLOW. SUPPRESSION OF URINE CONTINUES FOR SEVERAL
DAYS ACCOMPANIED BY SIGNS, SYMPTOMS, AND LABORATORY FINDINGS
OF PROGRESSME UREMIA. A UREMIC DEATH OCCURS OR A DIURETIC
RECOVERY BEGINS 6N THE FOURTH TO THE |8TH DAY. THE MORTALITY
RATE 1S APPROXIMATELY 85 PERCENT IN 42 REPORTED CASES. THE
AUTOPSY FINDINGS ARE CENTRAL LOBULAR NECROSIS OF THE LIVER AND
PALE EDEMATOUS KIDNEYS WITH DEGENERATIVE CHANGES IN ALL TUBU-
LAR EPITHEL IUM,

IT HAS BEEN SHOWN IN THE LABORATORY THAT ISO-HEMOLY-
SINS CORRESPOND IN SPECIFICITY TO THE 1SO-AGGLUTININS WHICH ARE
NORMALLY PRESENT IN SERUM. HEMOLYSINS OCCUR IN ABOUT 30 PER-
CENT OF THE CASES WHERE |T WOULD BE EXPECTED ACCORDING TO"THE
LANDSTEINER RULE OF THE BLOOD GROUPS, IF FRESH TESTING SERUM

6l
I's useD. |F THE TESTING SERUM USED, HOWEVER, HAS BEEN STORED



IN AN ICEBOX FOR ABOUT TWO WEEKS IT WILL BECOME INAC TIVATED AS
FAR AS HEMOLYSINS ARE concerNED.S! ON THE TEST SLIDE AGGLUTI-
NATION ALWAYS PRECEDES HEMOLYS!S, BUT THE ONE PHENOMENON MAY
BE MORE APPARENT THAN THE OTQER. AGGLUTINATION USUALLY PRE-
DOMINATES, BUT IN RARE INSTANCES HEMOLYSIS MAY BE THE MORE
PRONOUNCED, PRECEDED ONLY BY A VERY TRANSIENT AGGLUTINATION
PHASE. HEMOLYSINS HERE ARE OF PRACTICAL IMPORTANCE BECAUSE
THEY MAY MASK TRUE AGGLUTINATION AND LEAD TO ERRORS IN BLOOD
GROUPING. |T HAS BEEN SHOWN THAT IT IS THE SERUM FACTOR WHICH
DETERMINES THE PREDOMINANCE OF AGGLUTINATION OR HEMOLYSIS WHEN
INCOMPATIBLE CELLS ARE ADDED.6l THEREFORE WE CAN BY THE SE-
LECTION OF A HIGH TITERED TEST SERUM FREE OF HEMOLYSINS PREDE-
TERMINE MOST INCOMPATIBILITIES, WHETHER THE INCOMPATIBILITIES
BE AGGLUTINATION OR HEMOLYSIS.

THE PRESENCE OF ATYPICAL AGGLUTININS IN THE SERUM OF
EITHER THE DONOR OR THE RECIPIENT WILL BE DETECTED UPON THE
CAREFUL PERFORMANCE OF A DIRECT MATCH TEST AFTER THE GROUPS
OF THE BLOODS TO BE MIXED IN TRANSFUSION ARE DETERMINED., ATYP-
ICAL AGGLUTININS NOT CONFORMING TO THE BEHAVIOR OF THE BLOOD
GROUPS OF LANDSTEINER MUST BE EXTREMELY RARE, SINCE IN THE LAST
3000 CONSECUTIVE BLOODS EXAMINED PRIOR TO TRANSFUSION AT THE
CINCINNAT! GENERAL HOSPITAL, THERE HAS NOT BEEN A SINGLE IN-
STANCE IN WHICH THE TWO BLOODS OF THE SAME GROUP DID NOT SHOW
PERFECT COMPATIBILITY WHEN THE DIRECT MATCH WAS MADE. FORTY~
TWO CASES OF HEMOLYTIC TRANSFUSION REACTION ARE ANALYZED IN |

THE FOLLOWING STUDIES; THE PRESENCE OF ATYPICAL AGGLUTININS




HAS BEEN ADEQUATELY DEMONSTRATED IN ONLY FOUR. |N THIRTY-
EIGHT CASES, AS WILL‘BE SHOWN TO BE TRUE IN THE CASE REPORTED
BY MCCANDLESS FROM THIS CLINIC, THE AGCIDENTS MAY HAVE RE-
SULTED FROM THE FAILURE OF THE TEST SERUMS IN USE PROPERLY

TO DETECT WEAK AGGLUTINOGENS, THEREBY LEADING TO ERRoﬁs IN
GROUPING, OR TO ATYPICAL HEMOLYSINS.

13

IN 1930 BORDLEY PRESENTED A SERIES OF |7.CASES OF

HEMOLYTIC TRANSFUSION REACTION, THREE OF WHICH WERE HIS OWN.

39 COLLECTED NINE ADDITIONAL CASES FROM LATER LITER=-

‘McCANDLESS
ATURE AND ADDED ONE, MAKING A TOTAL OF 27. FIFTEEN CASES
REPORTED SINCE THEN ARE ADDED HERE, MAKING A TOTAL OF 42 CASES
IN WHICH LABORATORY DATA ARE ANALYZED. MANY OF THESE CASES
ARE ADMITTEDLY DUE TO ERRORS IN GROUPING AND COMPATIBILITY
LXTER DISCOVERED ON RECHECK BY THE AUTHORS. |F THE CRITERIA
OF AGGLUTINATION HAD BEEN MORE PROMPTLY AND CLEARLY DEFINED
AT THE TIME OF THE FIRST TEST, MOST OF THESE WOULD HAVE BEEN
PREVENTED. IN OTHER CASES RECHECK BY ORDlNARY.METHODS OF
GROUPING AND COMPATIBILITY SHOWS THE DONOR'S AND THE RECIP-
IENT'S BLOOD TO BE OF THE SAME GROUP. |IN THESE INSTANCES THE
REACTIONS ARE EITHER UNEXPLAINED OR ATTRIBUTED TO THE PRESENCE
OF AGGLUTININS AND HEMOLYSINS WHICH ARE ATYPICAL IN THEIR
BEHAVIOR. N |

W1 ENER AND PETER853’54 REPORT TWO CASES OF 'INTRA-

GROUP HEMOLYTIC TRANSFUSION REACTION IN WHICH AGGLUTINATION OF

THE DONORS'!CELLS WITH THE PATIENTS' SERUMS 1S DEMONSTRABLE ON

17




CHILLING BUT NOT AT ROOM TEMPERATURE. FURTHER TESTS OF THESE
SERUMS AGAINST CELLS OF GROUP O BLOODS TAKEN AT RANDOM RE-
VEALED AGGLUTINATION REACTIONS COINCIDING WITH THOSE GIVEN BY
ANT!-RHESUS IMMUNE RABBIT SERUM AS DESCRIBED BY LANDSTEINER
AND WIENER., ON THE BASIS OF THE BEHAVIOUR OF CELLS WHEN PLACED
WITH ANTI-RHESUS SERUMS, ALL HUMAN BLOODS ARE CLASSIFIED BY
WiENER AS RH+ OR RH-. |IN THESE TWO CASES THE HEMOLYTIC TRANS-
FUSION REACTIONS ARE EXPLAINED BY WIENER AND PETERS AS DUE TO
THE TRANéFUSION OF RHF BLOOD TO INDIVIDUALS WITH RH- BLOOD,
RESULTING IN THE FORMATION OF ANTI-RH IMMUNE ANTIBODIES IN THE
SERUMS OF THE PATIENTS WHICH HEMOLYSED THE DONORS' CELLS. IN
THEIR REPORT METHODS ARE GIVEN FOR THE PREVENTION OF HEMOLYTIC
REACTIONS DUE TO RH FACTORS. IN A POSSIBLE HEMOLYTIC TRANS-
FUSION REACTION WHICH OCCURRED IN THE SERIES OF 3077 TRANS-
FUSIONS OF BANK BLOOD AT THE CINCINNAT!I GENERAL HOSPITAL
(crF. p. 103), THE BLOOD OF THE RECIPIENT WAS RH+ AND THAT OF
THE DONéR WAS RH- AS DETERMINED BY WIENER UPON SAMPLES SENT
TO HIM. THE RH COMPLEX COULD NOT THEREFORE HAVE PLAYED ANY

PART IN THIS REACTION.
DATA

IN THE FOLLOWING STATISTICAL ANALYSIS OF LABORATORY
DATA IN THE 42 CASES REPORTED, TaBLES VIl TO XIX GROUP THE
CASES ACCORDING TO THE DEGREE OF COMPLETENESS WITH WHICH THEY

WERE STUDIED FROM THE LABORATORY STANDPOINT. THIS FACILITATES



COMMENT ON THE EVIDENT FACTS. THE NUMBER GIVEN TO EACH CASE
CORRESPONDS TO THE REFERENCE NUMBER OF THAT GASE IN THE

BIBLIOGRAPHY.

TasLe VI |
Case No.
16 No RECORD OF GROUPING OR COMPATIBILITY TESTS
BEFORE OR AFTER TRANSFUSION
2| (2 cases)
COMMENT

IN TWO CASES THERE WAS NO RECORD OF GROUPING OR COM-

PATIBILITY TESTS HAVING BEEN PERFORMED.

TasLe VI
ERRORS IN BOTH GROUPING AND COMPATIBILITY FOUND ON RECHECK
(7 cases) :
Case No. ERROR RECHECK
13 A TO A A T00O0
28 0 1t00 A 100
45 0 Tt00 A T0O0
46 0 to0 O A T1T00
a7 0Tt O A 1700
50 0 tTo0 A 10O
L_, 14 0100 0O 10 A
COMMENT

SEVEN WERE ADMITTED BY THE AUTHORS TO BE DUE TO
ERRORS IN BOTH GROUPING AND COMPATIBILITY FOUND ON RECHECK.
FOUR OF THESE CASES WERE REPORTED IN RECENT LITERATURE AND
FROM THE AUTHORS! DESCRIPTION IT IS OBVIOUS THAT MORE IMMED-

IATE CRITERIA OF AGGLUTINATION SUCH AS WOULD HAVE BEEN AFFORD-
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ED BY THE USE OF TESTING SERUMS OF HIGHER TITER WOULD HAVE

AVOIDED THESE ACCIDENTS,

TasLe IX

GROUPED AS |DENTICAL PRIOR TO TRANSFUSION AND ON RECHECK.
COMPATIBLE BEFORE TRANSFUSION. DoONORs'! CELLS | NCOM=-
PATIBLE ON RECHECK.
4 CASES

—— T — e
e ——

|

COMPATIBILITY
CASE GROUP RECIPIENT AND DONOR CeLLs DONOR,SERUM RECIPIENT

No. BEFORE RECHECK BEFORE RECHECK
TRANSFUSION \
*|9 0 0 -
24 0 0 -
26 0] 0 -
**x37 0] 0 -

*AUTHOR BELIEVED HIS ANTI-A TEST SERUM WOULD NOT AGGLUTINATE
THE CELLS OF THIS "A" DONOR.
DONOR'S CELLS AGGLUTINATED IN 65 MINUTES ON RECHECK OF COM-
PATIBILITY.

**SLOW HEMOLYS!S DONOR'S CELLS.

TaBLE X
No GrouPING. COMPATIBLE BEFORE TRANSFUSION. DONOR'S
CELLS |NCOMPATIBLE ON RECHECK.
(2 casEes)
Case No. COMPATIBILITY
BEFORE RECHECK
23 -
32 -
TABLE X|
GROUPED BEFORE TRANSFUSION No RECHECK
CompATIBLE BEFORE. Donor's CELLS | NCOMPATIBLE ON RECHECK.
(ONE CASE)
CAse No. GRroOuP BEFORE -
51 A ToO A ComMpATIBILITY DoONOR's CELLS
L RECHECK
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COMMENT
THE SEVEN CASES DUE TO ERRONEOUS INTERPRETATION OF
COMPATIBILITY TESTS FOUND ON RECHECK MAY ﬁAvs BEEN DUE TO THE
FAILURE OF THE TEST SERUM IN USE TO AGGLUTINATE LOW TITERED
CELL FACTORS, OR TO ATYPICAL HEMOLYSINS. |T IS SIGNIFICANT
THAT IN FOUR OF THESE CASES ALL BLOODS WERE GROUPED AS O.
IN NONE OF THE CASES OF THIS GROUP WAS THE TITER OF THE TEST

SERUM USED STATED BY THE AUTHORS.

TasLe XI|

| DENTICAL GROUPS - RECHECKED. NO COMPATIBILITY TESTS.
(Two CAsEs)

Case No. GrOUP
20 A TO A
44 010 O
TasLE Xl

GROUP NOT DETERMINED. COMPATIBLE BEFORE TRANSFUSION AND ON
ReEcHECK. (FOUR CASES)

caseg NO- DONOR's CELLS RECIPIENT'S CELLS
PRIOR  RECHECK PRIOR RECHECK
22 - - - -
- 25 - - - -
. 35 - - - -
-2 - - - -

IN EACH OF THESE CASES THE TITER OF TWO UNKNOWN SERUMS WERE
DEPENDED UPON.
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TasLe XV

ONLY RECIPIENT GROUPED BEFORE TRANSFUSION - NO RECHECK
COMPATIBLE PRIOR TO TRANSFUSION - NO RECHECK
(Two CasEes)
: COMPATIBILITY
Case No. GROUP RECIPIENT DONOR'S CELLS RECIPIENT'S CELLS

15 0 - -
43 0 - -
TABLE XV
Case No. .
|7 NO RECORD GROUPING. BOTH R. AND D. CELLS

CompATIBLE. NO RECHECK.

-

COMMENT ’
IN NINE CASES THE ORDINARY PRECAUTIONS OF PERFORMING |,
BOTH GROUPING AND COMPATIBILITY TESTS PRIOR TO TRANSFUSION
WERE NOT OBSERVED. GROUPING ONLY WAS DONE IN TWO OF THESE
cases (TaBLE XIl). |IN SEVEN, ONLY COMPATIBILITY TESTS WERE
MADE AND HERE THE TITER OF AN UNKNOWN TEST SERUM WAS DEPENDED
UPON., THE TITERS OF THE TEST SERUMS WERE NOT STATED IN THOSE

CASES WHICH WERE GROUPED.

TaBLE XVI

GRoUPS DETERMINED BEFORE TRANSFUSION = NO RECHECK
COMPATIBLE BEFORE TRANSFUSION - NO RECHECK
(THREE CASES)
COMPATIBILITY

Case No. GrOUP DoNOR's CELLS RECIPIENT'S CELLS
18 "SAME Group" - . -
27 A TO A - -
48 0t O - -
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COMMENT
THESE THREE CASES MAY BE SUBJECTED TO THE SAME CRIT-

ICISM AS THOSE OF TaBLE XIX.

. TABLE XVI |
"UNItVERSAL" DONOR EMPLOYED. DONOR's CELLS COMPATIBLE. |
(ONE CASE)
Caste No. GROUP RECIPIENT Grour DONOR
*42 AB 0

* 8 AGGLUTUNIN OF DONOR POTENT IN |:80 DILUTION., [N
THIS INSTANCE THE USE OF A GROUP A OR B DONOR
WITH A LOW TITERED SERUM FACTOR WOULD HAVE AVOID-
ED THE REACTION.

COMMENT

THIS CASE WAS REPORTED IN THE RECENT LITERATURE AND
WAS ADMITTEDLY DUE TO THE INDISCRIMINATE USE OF A UNIVERSAL
DONOR. THE ROUTINE USE OF THE COoCA COMPATI BILITY TEST, AS DE-
SCRIBED LATER IN THIS REPORT AS A METHOD FOR DIRECT MATCHING,
AVOIDS SUCH A POSSIBILITY AS OCCURRED HERE. THE FACT THAT
THE AGGLUTININS IN THE DONOR'S SERUM WERE POTENT IN A |:80
DILUTION MEANS THAT A MARKED INCOMPATIBILITY WOULD HAVE RE-

VEALED ITSELF IN THIS QUANTITATIVE TEST.
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TaBLE XVIII

Case No.

40 IDENTICAL GrROUPS (0O) RECHECKED. ATYPICAL
AGGLUTININ DEMONSTRATED IN SERUM OF RECIPIENT.

4| IpeENTICAL GROUPS (B). ATYPICAL AGGLUTININ
DEMONSTRATED IN SERUM OF DONOR.

53 IDENTICAL GROUPS (0). ATYPICAL AGGLUTININ
(ANTI-RH) DEMONSTRATED IN SERUM OF RECIPIENT.

54 IpENTICAL GROUPSs (A). ATYPICAL AGGLUTININ

‘ (ANTI-RH) DEMONSTRATED IN SERUM OF RECIPIENT,

COMMENT
IN FOUR CASES ATYPICAL AGGLUTININS WERE ADEQUATELY
DEMONSTRATED. THE USE OF A COMPATIBILITY TEST PRIOR TO Tﬁe
TRANSFUSION, INSTEAD OF RELYING SOLELY UPON THE GROUPING TEST,
MAY HAVE PREVENTED THE GIVING OF TWO OF THESE TRANSFUSIONS.
THE OTHERS COULD HAVE BEEN AVOIDED BY THE METHOD SUGGESTED BY

WIENER.53’54

. TasLE XIX
GrROUPED AS IDENTICAL PRIOR TO TRANSFUSION AND ON RECHECK.
COMPATIBLE BEFORE AND ON RECHECK.

(NinNE CASES)
Case No. GrOUP
29 ?
) 30 Ot O
3l A TO A
33 ?
34 0710 O
36 O0Tt00
38 0Tt O
*39 07100
L 49 0 70 0

*CINCINNAT! GENERAL HOSPITAL
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COMMENT

NINE CASES WERE LISTED AS UNEXPLAINED BECAUSE IN
EACH ONE THE BLOODS OF THE DONOR AND }HE RECIPIENT WERE
GROUPED AND MATCHED BOTH PRIOR TO AND AFTER TRANSFUSION.
THEY WERE FOUND TO BE OF THE SAME GROUP AND COMPATIEBLE EACH
TIME. |N EACH OF THESE REPORTS THE AUTHORS DID NOT DISCUSS
THE TITER OF THE TEST SERUMS USED AND NONE OFFERED EVIDENCE
TO CONTRADICT THE EXPLANATION OF A LOW TITERED CELL FACTOR
THAT THE TEST SERUMS USED IN THESE CASES MAY HAVE FAILED TO
SHOW THE TRUE GROUP OF‘THE BLOOD DUE TO WEAK AGGLUTI!I NOGENS
s INDICATED BY THE FACT THAT IN ALL EXCEPT THREE CASES, THE
BLOODS WERE GROUPED AS O. (THE GROUP WAS NOT STATED IN TWO.

REPORTS). CASE No. 39 REPORTED BY H. G. MCCANDLESS BELONGS

~TO THIS GROUP., THE CLINICAL PICTURE WAS TYPICAL OF A HEMO-

LYTIC BLOOD TRANSFUSION REACTION.

THIS QATIENT, SUFFERING FROM SEVERE SHOCK AS A RE-
SULT OF EXTERNAL HEMORRHAGE, WAS TRANSFUSED SHORTLY AFTER AD-
MISSION TO THE HOSPITAL. THE BLOOD GROUPS OF THE DONOR AND
THE PATIENT WERE PREDETERMINED AS GROUP O, THE TEST SERUMS
USED WOULD AGGLUTINATE ORDINARILY SENSITIVE ANTI=-CELLS READILY
AND WERE IN ROUTINE USE AT THAT TIME FOR THE TESTING OF BLOODS
PRIOR TO TRANSFUSION IN ALL CASES ON THE SURGICAL SERVICE AT
THE CINCINNAT!I GENERAL HOSPITAL. A DIRECT MATCH OF THE DONOR'S
ANQ PATIENT!'S BLOODS SHOWED NO AGGLUTINATION AT THE END OF ONE-
HALF HOUR. FIVE HUQDRED CC. OF CITRATED BLOOD WAS TRANSFUSED.

THE PULSE RATE THROUGHOUT THE TRANSFUSION WAS 88. THE PATIENT
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MADE NO COMPLAINT AND SHOWED NO SIGNS OF WHAT MIGHT BE INTER-
PRETED AS AN IMMEDIATE REACTION. THE PATIENT VOIDED FOR THE
FIRST TIME 50 HOURS AFTER THE TRANSFUSION. THERE WERE NO
SIGNS OF A DISTENDED BLADDER IN THE INTERVAL. THE INITIAL
AMOUNT vOIDED WAS 500 cCs AND THE URINE WAS REDDISH=-BLACK IN
COLOR. FORTY-EIGHT HOURS LATER THE PATIENT AGAIN VOIDED

500 cc. OF REDDISH-BROWN URINE. ON THE NEXT DAY, FOUR DAYS
AFTER THE TRANSFUSION OF BLOOD, THE PATIENT VOMITED 500 cc.
OF GREENISH MATERIAL AND PASSED |75 cC. OF REDD!SH-BROWN
URINE, THE BLOOD' UREA NITROGEN ON THIS DAY WAS |00 MGS. PER-
CENT AND THE CARBON DIOXIDE COMBINING POWER WAS 3| VOLUMES
PERCENT. DURING THE NEXT FIVE DAYS, COINCIDENT WITH A RISE
IN THE BLOOD UREA NITROGEN TO |65 MGS., PERCENT AND A FALL IN
"THE CARBON DIOXIDE COMBINI&G POWER TO |7 VOLUMES PERCENT, THE
PATIENT WAS FREE OF ANY SUBJECTIVE COMPLAINTS, EXCEPT FOR
OCCASIONAL VOMITENG, BUT DEVELOPED SIGNS OF INCREASING EDEMA
INVOLVING HIS LOWER EXTREMITIES, BACK, AND LOWER ABDOMEN,
ASCITES AND A MODERATE RIGHT HYDROTHORAX DEVELOPED. |NCREASED
URINARY OUTPUT BEGAN ON THE SIXTH DAY WITH A GRADUALLY IN-
CREASING DAILY OUTPUT UP TO AS MUCH AS 3500 cc. IN 24 Houas.
COINCIDENT WITH THE DIURESIS CAME RECOVERY. THE EDEMA DIS-
APPEARED, THE ASCITES AND HYDROTHORAX CLEARED AND THE BLOOD
UREA NITROGEN AND COo COMBINING éowea CAME TO A NORMAL LEVEL

7 DAYS AFTER THE ONSET OF POLYURIA. EIGHT DAYS AFTER THE

FIRST AND ONLY QLOOD TRANSFUSION GIVEN TO THIS PATIENT, SAMPLES

OF BLOOD FROM THE DONOR AND THE PATIENT WERE TAKEN AND AGAIN
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GROUPED AS O. A RECHECK ON THE BLOOD GROUPS OF THESE TWO
PEOPLE WAS ALSO MADE TWELVE DAYS AFTER THE TRANSFUSION. THE
SAME TEST SERUMS WERE USED IN BOTH REéHECKs AS WERE USED IN
THE ORIGINAL TEST. DIRECT MATCH DURING THE RECHECK EXAM-
INATIONS SHOWED NO CROSS AGGLUTINATION AT THE END OF EIGHT
HOURS.

IN HIS REPORT, MCCANDLESS CONCLUDED THAT THIS HEMO-
LYTIC TRANSFUSION REACTION WAS DUE TO AN ANOMALOUS OR ATYPICAL
HEMOLYSIN PRESENT IN THE SERUM OF THE RECIPIENT WHICH DID NOT
OBEY THE RULE OF THE LANDSTEINER BLOOD GROUPS AND CAUSED
HEMOLYS!IS OF THE DONOR'S CELLS IN THE RECIPIENT'S BLOOD STREAM.

TWO YEARS LATER, AFTER THE SELECTION AND ADOPTION
FORIROUTINE USE OF UNUSUALLY HIGH TITERED ANTI=A AND ANTI-B
TEST SERUMS IN THE GROUPING OF BLOOD PRIOR TO TRANSFUSIO&
(cr. p. 9), THE BLOODS INVOLVED IN MCCANDLESS' CASE WERE RE-
STUDIED. THE BLOOD OF THE PATIENT WAS GROUPED AS O, SHOWING
NO AGGLUTINATION WITH EITHER THE ANTI-A OR ANTI-B TEST SERUM,
THE BLOOD OF THE DONOR WAS GROUPED AS A, AGGLUTINATION
OCCURRING WITH THE ANTI-A TEST SERUM IN B0 SECONDS TO SUCH A
MARKED DEGREE fHAT IT COULD BE SEEN READILY WITH THE NAKED
EYE., ORDINARILY SENSITIVE GROUP A CELLS SHOWED THE SAME DE-
GREE OF AGGLUTINATION WHEN PLACED WITH THIS TEST S£§UM IN LESS
THAN FIVE SECONDS. A DIRECT MATCH BETWEEN THE DONOR'S AND THE
PATIENT'S BLOODS SHOWED NO CROSS AGGLUTINATION AT THE END OF

EIGHT HOURS. .
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ON THE BASIS OF THESE FINDINGS, ONE CAN ONLY CONCLUDE
THAT THE CAUSE FOR THIS HEMOLYTIC TRANSFUSION REACTION WAS NOT
AN ATYPICAL HEMOLYSIN IN THE SERUM OF THE BLOOD OF THE RECIP-
lENT, THE CAUSE WAS THE FAILURE OF A TEST SERUM WHICH HAD
PROVED SATISFACTORY IN THE GROUPING OF THE USUAL BLOODS PROP=-

ERLY TO GROUR THE BLOOD OF THE DONOR. THE AGGLUTININ IN THE

" SERUM OF THE RECIPIENT ALSO FAILED TO AGGLUTINATE THE ANTI-

CELLS IN THE BLOOD OF THE DONOR. THIS EXPLAINS THE ABSENCE
OF AGGLUTINATION IN A DIRECT MATCH BETWEEN THE TWO BLOODS CON-
CERNED. THE AGGLUTINOGEN A PRESENT IN THE DONOR'S BLOOD CELLS
WAS OF SUCH LOW TITER THAT IT COULD ONLY BE SHOWN.WITH TEST

SERUMS OF UNUSUALLY HIGH TITER.
SUMMARY AND CONCLUSIONS

ALTHOUGH THE EXPLANATION FOR THE CAUSE OF THE HEMO-
LYTIC TRANSFUSION _.REACTION IN MCCANDLESS' CASE IS NOT THE EX=-
PLANATION FOR THE REACTIONS IN ALL OF THE 42 CASES ANALYZED

ABOVE, IT IS SIGNIFICANT THAT THE TITER OF THE TEST SERUM USED

WAS NOT REPORTED IN 40 OF THE 42 CASE REPORTS. THE FREQUENCY

OF THE OCCURRENCE OF BLOOD GROUP O IN BOTH THE PATIENT AND

THE DONOR IN THESE CASE REPORTS 1S ALSO SIGNIFICANT, BECAUSE

IT Is IN GROUP O BLOODS ONLY THAT NO AGGLUTINATION OCCURS WHEN
ANTI-A AND ANTI-B TEST SERUMS ARE PLACED WITH THE CELLS OF THESE
BLOODS.

THE BLOOD GROUP OF MCCANDLESS' DONOR PROVED TO BE OF

28



SUB~GROUP Ao AS MIGHT BE EXPECTED SINCE THE AGGLUTINOGENS OF
THIS SUB-GROUP ARE KNOWN TO BE WEAK. ‘THE SIGNIFICANCE OF SUB-
GROUPS A| AND Ap IN TRANSFUSI10ON REACTIONS IS CONSIDERED IN
succeepINGg PaGES (cF. p. 30).

CERTAINLY THE EVIDENCE PRESENTED INDICATES THAT TEST
SERUMS FREQUENTLY ACCEPTED AS ADEQUATE IN MANY HOSPITALS FOR
GROUPING THE USUAL BLOOD LACK THE NECESSARY POTENCY FOR GROUP-
ING THE UNUSUAL BLOOD IN WHICH THE AGGLUTINOGEN IS OF EX-
TREMELY LOW TITER. SUCH ERRORS WILL BE DETECTED BY COMPATI-
BILITY TESTS ONLY IF THE ANTI-SERUMS ARE BY CHANCE OF HIGH
POTENCY. .

ATYPICAL AGGLUTININS WHICH DO NOT CONFORM TO THE BE=-
HAVIOUR OF AGGLUTININS a AND b OCCUR RARELY. BEFORE ANY HEMO-
LYTIC TRANSFUSION REACTION IS ATTRIBUTED TO SUCH A éUALlTATIVE
FACTOR, THE BLOODS CONCERNED SHOULD BE SUBJECTED TO AN ADE-
QUATE STUDY FROM THE QUANTITATIVE STANDPOINT. WEAK AGGLUTINO=-
GENS WILL BE DETECTED BY TESTING WITH SERUMS OF HIGH AGGLU-

TININ POTENCY.
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THE ROLE OF SUB-GROUPS A AND Ajp IN TRANSFUSION REACTIONS

IN 1910 vON DUNGERN AND HIRSCHFIEL055 SHOWED THAT,
WHEN A GROUP B SERUM WAS ABSORBED WITH GROUP A CELLS, THE
GROUP B SERUM LOST ITS POWER TO AGGLUTrNATE SOME GROUP A
CELLS, BUT RETAINED ITS POWER TO AGGLUTINATE OTHERS. ON THE
BASIS OF THESE OBSERVATIONS, THEY SUGGESTED A SUBDIVISION OF
GROUP A INTO GROUP A AND Ap AND OF GROUP AB INTO GROUPS
A|B AND ApB. THESE OBSERVATIONS WERE LATER CONFIRMED AND
SUBSTANTIATED BY MANY OTHER WORKERS. |IN THE RECENT LITERA-
TURE CERTAIN AUTHORS®®s97 HAVE conTENDED THAT YHE SUB-GROUPS
OF A MAY BE RESPONSIBLE FOR TRANSFUSION REACTIONS FOR THE

FOLLOWING TWO REASONS: () BECAUSE THEY MAY BE INCOMPATIBLE

‘WITH EACH OTHER; (2) BECAUSE THE SUB-GROUPS Ap AND ApB ARE

CHARACTERISTICALLY WEAK IN AGGLUTINOGEN A AND MAY NOT BE DE-

TECTED EXCEPT WITH TEST SERUMS OF UNUSUALLY HIGH ANTI-A

TITER, THERE IS NO DIFFERENCE IN OPINION -AMONG OBSERVERS
ABOUT THE LATTER FACTOR PLAYING A PART IN TRANSFUSION ACCI-

DENTS, WITHOUT TEST SERUM OF UNUSUALLY HIGH TITER, BLOOD OF

GROUP Ao 1S FREQUENTLY ERRONEOUSLY GROUPED AS O BECAUSE OF

THE FAILURE OF THE A CELLS TO AGGLUTINATE, AND GROUP AEB IS
FREQUENTLY ERRONEOUSLY GROUPED AS B FOR THE SAME REASON. 0B~
VIOoUsLY SUCH ERRORS IN GROUPING MAY NOT BE REVEALED BY COM-
PATIBILITY TESTS, FOR THE SAME REASON THAT THE BLOODS WERE
ERRONEOU?LY GROUPED., THAT 1S, THE ANTI-A AGGLUTININ IN THE

GROUP O OR GROUP B BLOOD WITH WHICH THE DIRECT MATCH WAS MADE
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WOULD NOT BE SUFFICIENTLY POTENT TO CAUSE AGGLUTINATION AND
THE DIRECT MATCH WOULD BE READ AS COMPATIBLE. REPORTS OF
MISTAKES OF THIS KIND ARE FREQUENT IN‘THE LITERATURE. THE
CASE ERRONEOUSLY REPORTED BY MCCANDLESS AS DUE TO AN ATYPICAL
HEMOLYSIN 1S AN EXAMPLE FROM THE CINCINNAT!I GENERAL HOSPITAL
(cr. p. 25).

THERE 1S MUCH DOUBT, HOWEVER, CONCERNING THE OPINION
THAT lNCOMPATIBILI*Y BETWEEN GROUPS A AND A2 AND GROUPS AB
kNo AoB MAY BE RESPONSIBLE FOR TRANSFUSION REACTIONS. SOME
WRITER858’59 SAY THAT THE DIFFERENCE BETWEEN A| AND Ao 1S ONLY
QUANTITATIVE AND NOT QUALITATIVE AND THAT THE le FACTOR IS
MERELY WEAKER THAN Al’ THEY SUPPORT THEIR ARGOMENT WITH THE
FACT THAT ALL ANTI-A AGGLUTININ MAY BE WASHED FROM A GIVEN
SERUM IF SUFFICIENT Ao CELLS ARE ADDED, ALTHOUGH IT MAY TAKE
A MUCH.GREATER QUANTITY OF Ao CELLS TO ABSORB THE SERUM.

THOSE AUTHORS WHO CONTEND THAT THERE IS A QUALITA-
TIVE DIFFERENCE BETWEEN A‘ AND Ao OFFER THE FOLLOWING EV1DENCE
TO SUPPORT THEIR CONTENTIONS. DEGOWIN60 LISTS THREE FATAL
TRANSFUSION REACTIONS IN PATIENTS OF GROUP A GIVEN TRANSFUSIONS
WITH BLOOD OF THE SAME GROUP. ANOTHER OF DEGOWIN'S PATIENTS
RECEIVED FIVE BLOOD TRANSFUSIONS; THE PATIENT WAS A GROUP Aj
ALL FIVE DONORS WERE GROUP A; REACTION FOLLOWED THE FIRST THREE
TRANSFUSIONS AND NONE FOLLOWED THE NEXT TWO. THIS 1S NOT
NECESSARILY EVIDENCE OF INCOMPATIBILITY BETWEEN SUB-GROUPS OF
A. THE REACTIONS SUCH AS HE DESCRIBES, CHILLS AND FEVER, ARE

FREQUENTLY OBSERVED BETWEEN MEMBERS OF OTHER GROUPS AND EVEN
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WITH THE INTRAVENOUS INJECTION OF GLUCOSE OR SALINE SOLUTION.

BLINOW57 REPORTS A HIGHER INCIDENCE OF TRANSFUSION
REACTIONS BETWEEN MEMBERS OF-BLOOD GROUP A THAN BETWEEN MEMBERS .
OF OTHER GROUPS. HE ALSO ANALYZED THE SUB-GROUPS AND NOTED
INSTANCES WHERE PATIENTS OF GROUP Al RECEIVED GROUP A| BLOOD
WITHOUT REACTION, BUT HAD REACTIONS REGULARLY WHEN BLOOD OF
SUB-GROUP A, WAS TRANSFUSED. BLINOW foo NOTED REACTIONS OF
MILD AND MODERATE SEVERITY CHARACTERIZED BY CHILLS AND FEVER
WHEN THE SUB-GROUPS OF THE DONOR AND THE RECIPIENT WERE IDEN-
TicaL.

SEVERAL WRITERS®Z SUPPORT THEIR CONTENTION OF THE
QUALITATIVE DIFFERENCE BETWEEN THE SUB-GROUPS OF A BY THE FACT
THAT THEY HAVE BEEN ABLE OCCASIONALLY TO DEMONSTRATE AGGLUTININ
8| IN SUB-GROUP Ao AND AGGLUTININ &p IN SUB-GROUP A|. AGGLU~
TININ a'.AGGLUTINATES THE CELLS OF SUB-GROUP Al AND A‘B.
AGGLUTININ 8o 1S VERY RARE ACCORDING TO THESE AUTHORS AND wiLL
AGGLUTINATE THE CELLS OF Ao AND A28 AND, IN ADDITION, WILL
AGGLUTINATE THE CELLS OF O, THESE WORKERS ONLY IN RARE I N-
STANCES HAVE BEEN ABLE TO DEMONSTRATE THIS PHENOMENON AT ROOM
TEMPERATURE AND ONLY IN° EVEN RARER INSTANCES HAVE THEY BEEN ABLE
TO DEMONSTRATE IT AT.BODY TEMPERATURE. THERE ARE VARIOUS
THEORIES FOR THE EXPLANATION OF THESE PHENOMENA, NOTABLY BY
THoMpsEN, LANDSTEINER, LEDERER, AND WIENERGl, AND THE STUDY OF
THESE FACTORS 1S UNDERGOING CONSIDERABLE INVESTIGATION AT THE
PRESENT TIME.

EVIDENCE TO SUPPORT THE CONTENTION THAT TRANSFUSION
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REACTIONS RESULT FROM INCOMPATIBILITY BETWEEN THE SUB-GROUPS
OF A APPEARS TO BE INADEQUATE. THE MILD AND MODERATELY
SEVERE REACTIONS CHARACTERIZED ONLY BY CHILLS AND FEVER, AT
THE CINCINNAT!I GENERAL HOSPITAL, OCCUR JUST AS OFTEN BETWEEN
MEMBERS OF OTHER GROUPS AS BETWEEN MEMBERS OF GROUP A. TO
CONCLUDE THAT REACTIONS OF THIS NATURE ARE DUE TO INCOMPATI-
BILITIES BETWEEN SUB-GROUPS A| AND Ao 1S AGAIN HARDLY JUSTI-
FIED, SINCE THEY DO OCCUR FOLLOWING THE INTRAVENOUS ADMINIS-
"TRATION OF SALINE AND GLUCOSE SOLUTIONS. THEY MAY BE ATTRIBUT-
ABLE TO VARIOUS FACTORS, SUCH AS CONTAMINANTS FROM GLASSWARE,
RUBBER TUBING AND CITRATE, PYROGENIC SUBSTANCES, AND INCIPIENT
COAGULATIVE CHANGES IN BLOOD. THE DEMONSTRATION OF INCOMPAT-
IBLE AGGLUTININS BETWEEN GROUP A AND GROUP Ao éLooos IS ONLY
'EVIDENCE ON A GLASS SLIDE AND, AS THESE AGGLUTININS SHOW DEF-
INITE RtLATIONSH!p TO COLD AGGLUTI NINS, THEY MIGHT WELL HAVE
NO SIGNIFICANCE IN -TRANSFUSION REACTIONS,

| IT CAN BE STATED THAT, DESPITE ARGUMENTS FOR |NCOM-
PATIBILITY BETWEEN GROUP A AND GROUP Ao BLOODS AND THEIR RE-
SPONSIBILITY FOR TRANSFUSION REACTION, THERE 1S NOT A SINGLE
REPORT IN THE LITERATURE WHERE SLIDE EVIDENCE OF INCOMPATI-
BILITY BETWEEN MEMBERS OF SUB-GROUP A| AND SUB-GROUP A, BLOODS
-HAS BEEN DEMONSTRATED EITHER BEFORE OR AFTER A SEVERE OR FATAL
HEMOLYTIC REACTION HAS OCCURRED AS THE RESULT OF THE TRANS-
FUSION. DEGOWIN AND OTHERS HAVE RECORDED CASES OF SLIDE EVI-
DENCE OF INCOMPATIBILITY FOLLOWING SEVERE AND FATAL REACTIONS

BETWEEN MEMBERS OF GROUP A, BUT THERE IS NO REPORT OF THE SuUB-
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GROUPS INVOLVED. HEMOLYTIC TRANSFUSION REACTIONS BETWEEN MEM-
BERS OF OTHER GROUPS WHICH ARE IDENTICAL, GROUPS OTHER THAN A,
DO OCCUR, AND DE @WIN'S CASES MIGHT MUST AS EASILY BE DUE TO
ATYPICAL AGGLUTININS AS DUE TO INCOMPATIBILITIES BETWEEN SUB-
GROUPS A| AND Ap. |T WOULD SEEM REASONABLE TO STATE THAT THE
CAUSE OF REACTIONS OCCURRING BETWEEN MEMBERS OF GROUP A COULD
NOT BE ATTRIBUTED TO INCOMPATIBILITIES BETWEEN SUB-GROUPS IF

' THE PERCENTAGE OF REACTIONS OCCURRING BETWEEN MEMBERS OF GROUP
A WAS ABOUT THE SAME AS THE PERCENTAGE OF REACTIONS OCCURRING
BETWEEN MEMBERS OF OTHER GROUPS, WHEN COMPARED IN A LARGE
SERIES OF CASES STUDIED ON THE STATISTICAL BASIS OF THE FRE-
QUENCY OF REACTIONSQ IN THE LAST 3077 CONSECUTIVE BLOOD TRANS-
FUSIONS AT THE CINCINNATI GENERAL HOSPITAL THERE HAS BEEN NO
SIGNIFICANT INCREASE IN THE INCIDENCE OF REACTIONS BETWEEN

MEMBERS OF GROUP A AS COM#ARED TO MEMBERS OF OTHER BLOOD

Grours (cr. P. 106).
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PART 11

A SIMPLE TECHNIQUE FOR DETERMINATION OF BLOOD GROUPS
AND COMPATIBILITY FROM SMALL AMOUNTS OF DE-
FIBRINATED WHOLE BLOOD




BLOOD GROUPING AND COMPATIBILITY
A SIMPLE TECHNIC FOR DETERMINATION ?RQM SMALL AMOUNTS OF

DEFIBRINATED WHOLE BLooo9

IN MUNICIPAL HOSPITALS HEAVILY BURDENED WITH TRAU-
MATIC SURGERY, THE METHOD EMPLOYED FOR GROUPING AND MATCHING
BLOOD PRIOR TO TRANSFUSION MUST BE CHOSEN FOR SPEED AS WELL
AS FOR ACCURACY. WHILE MEETING MODERN REQUIREMENTS FOR
SAFETY, THE TECHNIC WILL OF NECESSITY BE DESIGNED PRIMARILY
FOR EFFICIENCY. AT THE CINCINNATI GENERAL HOSPITAL, WHERE
MORE THAN 2500 TRANSFUSIONS ARE GIVEN EACH YEAR, THERE HAS
BEEN A GRADUAL EVOLUTION TOWARD A MORE EFFICIENT ROUTINE FOR
THE SELECTION OF DONORS FROM GROUPS OF UNKNOWN VOLUNTEERS.
THE PROCEDURE THAT WE NOW CONSIDER IDEALLY SUITED TO OUR NEEDS

63

IS A COMBINATION OF THE VINCENT OPEN MACROSCOPIC METHOD FOR

64 COMPATIBILITY TEST FOR DIRECT MATCHING.

GROUPING AND THE CoCA
EACH METHOD HAS BEEN SLIGHTLY MODIFIED, SO THAT BOTH DETERMI-
NATIONS MAY BE MADE WITH A SINGLE SMALL SAMPLE OF DEFIBRINATED
WHOLE BLOOD. THE VINCENT AND THE Coca METHODS WERE REPORTED
ALMOST SIMULTANEOUSLY IN 1918, WE KNOW THEY WERE USED IN COM-
BINATION FOR MANY YEARS BY COCA AND GROVE AT THE NEW YORK
HospiTAL PRIOR TO 1932, AND PERHAPS OTHERS HAVE EMPLOYED BOTH
METHODS; BUT THE ADVANTAGES OF THEIR USE IN COMBINATION HAVE
NEVER BEEN EMPHASIZED, AND THE COCA COMPATIBILITY TEST IS
KNOWN TO VERY FEW.

PriOoR TO |918 THE BEST METHODS FOR GROUPING AND DIRECT
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MATCHING WERE THOSE ADVOCATED BY MINOT.65 HE POINTED OUT THE
NEED FOR SIMPLE RAPID METHODS, DID AWAY WITH THE WASHING OF

CELL SUSPENSIONS, AND ENCOURAGED ELIMINATION OF THE OLD HEMO-

66 67

LYSIS TESTS ESTABLISHED BY Moss AND EPSTEIN AND OTTENBERG

68

69
AND LATER MODIFIED BY WEIL AND BY ROUS AND TURNER. For

BLOOD GROUPING HE ADVISED THE USE OF STOCK TEST SERUMS AND A

" SIMPLE CITRATED BLOOD SUSPENSION (ONE DROP OF BLOOD IN | cC.

OF A |5 PERCENT SODIUM CITRATE SOLUTION IN SAL1NE SOLUTILON)

MIXED IN COVER SLIP PREPARATIONS. FOR DIRECT MATCHING HE AD-

68 l

VocaTED WEIL!'S :9 AND 9:| MIXTURES OF CITRATED WHOLE BLOOD

SET UP IN TUBES BUT READ MICROSCOPICALLY IN HANGING DROP COVER

~SLIP PREPARATIONS. THE CONTINGENCIES OF WAR LED TO THE DE-

VELOPMENT OF A RAPID MACROSCOPIC AGGLUTINATION TEST FOR BLOOD

‘GROUPS BY VINCENT, WHO FOUND THAT, BY CITRATING STOCK TEST

SERUMS, BLOOD COULD BE ADDED DIRECTLY FROM FINGER PUNCTURE TO
DROPS OF SERUM ON A SLIDE.

IN THE HANDS OF EXPERIENCED TECHNICIANS EMPLOYING
STANDARDIZED HIGH TITERED TéST SERUMS, THE VINCENT METHOD IS
NOW GENERALLY CONSIDERED THE SAFEST AS WELL AS THE SIMPLEST
PROCEDURE FOR DETERMINING BLOOD GROUPS. | F THE SELECTION OF
DONORS COULD BE RIGIDLY RESTRICTED TO A CHOICE OF INDIVIDUALS
FROM THE SAME BLOOD GROUP AS THE PATIENT, NO FURTHER TEST OF
COMPATIBILITY WOULD BE REQUIRED EXCEPT AS A CHECK FOR POSSIBLE
ERRORS IN GROUPING AND THE EXCEPTIONAL OCCURRENCE OF ATYPICAL
AGGLUTINATION, IN EMERGENCIES, HOWEVER, JUST AS ONE MQST’SOME-

TIMES EMPLOY A DONOR WITHOUT KNOWLEDGE OF HIS WASSERMANN Reac-
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TION, RELYING ON AN EXAMINATION FOR PRIMARY AND SECONDARY
LESIONS,YO SO MUST ONE ALSO AT TIMES MAKE USE OF A "unNtvERSAL"
DONOR OR, MORE RARELY, IN THE CASE OF A "UNIVERSAL" RECIPIENT,
A DONOR FROM GROUP A OR B. UNDER THESE CIRCUMSTANCES A COM-
PATIBILITY TEST IS IMPERATIVE, FOR IT 1S WELL KNOWN THAT

croup 07! ponors FREQUENTLY POSSESS AGGLUTININS OF A TITER

e EVEN IN THE PROPORTIONS OF

DANGEROUS FOR A OR B RECIPIENTS,
A SMALL TRANSFUSION. FURTHERMORE, COMPATIBILITY MUST BE DE-
TERMINED QUANTITATIVELY AS WELL AS QUALITATIVELY BY SOME METHOD
THAT WILL REPRODUCE AS FAITHFULLY AS POSSIBLE IN VITRO THE
CONDITIONS (WHOLE BLOOD) AND PROPORTIONS OF THE PORPOSED
TRANSFUSION IN VIVO. THEREFORE IT IS QUITE ESSENTIAL IN HOS-
PITALS OF THIS TYPE THAT THE METHOD EMPLOYED FOR DIRECT MATCH-

ING BE DESIGNED NOT ONLY FOR CHECKING GROUPING ERRORS AND

ATYPICAL AGGLUTINATION BUT ALSO FOR ACTUAL SLIDE TITRATION OF

" THE DONOR'S AGGLUTININS AGAINST A PROPER PROPORTION OF THE

PATIENT'S BLOOD., COCA'S METHOD, SIMPLIFYING THE OLDER METHODS
OF WeiL,AND OF Rous AND TURNER, AND MODIFIED-BY LEVINE AND

74

MaBEE?3 AND LANDSTEINER, ? ADMIRABLY FULFILLS THESE REQUIRE-

MENTS.
TECHNIC

APPROXIMATELY TEN DROPS OF BLOOD ARE OBTAINED BY
FINGER PUNCTURE AND DEFIBRINATED IN A WASSERMANN TUBE BY
WHIPPING WITH A WOODEN APPLICATOR FOR FIVE MINUTES. THIS QUAN-

TITY IS SUFFICIENT FOR GROUPING AND SEVERAL COMPATIBLILITY TESTS.
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SEPARATION OF CELLS AND SERUM IS NOT DESIRABLE.

GROUPING.-- LARGE DROPS OF HIGH TITERED TEST SERUMS
ANTI1-B AND ANTI-A ARE PLACED ON THE LEFT AND RIGHT ENDS RE-
SPECTIVELY OF A GLASS SLIDE. DEFIBRINATED BLOOD IS ADDED TO
EACH DROP OF SERUM AND THOROUGHLY MIXED WITH THE AID OF A
PLATINUM LOOP. THE SLIDE IS TILTED BACK AND FORTH OVER A
WHITE BACKGROUND IN BRIGHT LIGHT AND OBSERVED MACROSCOPICALLY
FOR CLUMPING. AGGLUTINATION IS sTRIKING (F1e. 2) AND, IF
SERUM OF GRADE | (COCA75) IS USED, WILL BE COMPLETE IN LESS
THAN ONE MINUTE. WHEN NO AGGLUTINATION IS SEEN AFTER ONE
MINUTE ON EITHER SIDE, THE SLIDE IS PLACED UNDER A PETR! DISH
WITH WET BLOTTING PAPER AND OBSERVED AGAIN FIFTEEN MINUTES
LATER AS A PRECAUTION AGAINST WEAK AGGLUTINOGENS.

MATCHING.-= A |:l OR B0 PERCENT SUSPENSION OF THE
RECIPIENT'S DEFIBRINATED BLOOD 1S PREPARED IN THE STEM OF A
WHITE BLOOD CELL COUNTING PIPET BY DRAWING BLOOD UP TO THE
0.5 MARK AND THEN FILLING TO THE |.0 MARK WITH PHYSIOLOGIC
SOLUTION OF SODIUM CHLORIDE. THE BLOOD IS DILUTED |:] WITH
SALINE SOLUTION BECAUSE AGGLUTINATION CANNOT BE DIFFERENTIATED
MICROSCOPICALLY IN ANY GREATER CONCENTRATION AND BECAUSE

DILUTION INHIBITS UNDESIRABLE ROULEAU FORMATION. THE DILUTED

'BLQOD IS DEPOSITED ON THE LEFT END OF A GLASS SLIDE AND M1 XED

BY MEANS OF A JET OF AIR BLOWN FROM THE PIPET. AN IDENTICALLY
PREPARED SUSPENSION OF DONOR'S DEFIBRINATED BLOOD IS PLACED ON
THE RIGHT END OF THE SAME SLIDE, AND ONE FI-FTH OF THIS DROP

(TWO DIVISIONS OF THE PIPET) IS TRANSFERRED TO THE DROP OF
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DILUTED RECIPIENT'S BLOOD. THIS |:5 RATIO IS BASED ON THE
ASSUMPTION THAT 500 CC. IS TO BE TRANSFUSED TO A PATIENT WHOSE
BLOOD VOLUME |S DEPLETED 50 PERCENT, OR APPROXIMATELY TO 2,500
CC. |T PROVIDES A WIDE MARGIN OF SAFETY IN TRANSFUSIONS FROM
A "UNIVERSAL" DONOR, AS DANGEROUSLY POTENT AGGLUTININS wiLL

NOT BE COMPLETELY ABSORBED IN THIS CONCENTRATION WITHOUT MANI -

Fig., 2, == GROUP A AGGLUTINATION FIFTEEN
SECONDS AFTER BLOOD WAS MIXED WITH SERUMS.

o
S THE |:5 MIXTURE OF DONOR'S AND RECIP=-

FEST AGGLUTINATION.
lENT'S BLOOD 1S THEN STIRRED WITH A PLATINUM LOOP OR GLASS ROD,
AND THE SLIDE 1S PLACED UNDER AN INVERTED PETRI DISH WITH A
PIECE OF WET BLOTTING PAPER. AFTER FIFTEEN MINUTES THE MIXTURE
'S AGAIN AGITATED AND OBSERVED MICROSCOPICALLY UNDER LOW POWER
FOR AGGLUTINATION,

CARE MUST BE TAKEN NOT TO CONFUSE ROULEAU FORMATION
WITH AGGLUTINATION., THE FORMER CAN ALWAYS BE BROKEN UP BY
STIRRING, WHILE THE LATTER WILL BE INTENSIFIED. AGGLUTINATION

WILL BE STRIKING IF A GROUPING ERROR HAS BEEN MADE (F1G. 3),

BUT & LITTLE PRACTICE 1S REQUIRED TO ESTIMATE THE DEGREE OF
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AGGLUTINATION OF THE RECIPIENT'S CELLS BY A "UNIVERSAL"
DONOR'S AGGLUTININS, IN THE PRESENCE OF NON-AGGLUTINABLE
CELLS FORMING ROULEAUX. UNLESS THE AGGLUTINATION IS SO
DEFINITE AND CONSRICUOUS THAT THERE 1S NO QUESTION OF CON-
FUSION WITH ROULEAU FORMATION, THE BLOOD MAY BE PRONOUNCED

COMPATIBLE.
DATA

THE IMPORTANCE OF EMPLOYING RELIABLE STANDARD!ZED
HIGH TITERED TEST SERUMS CANNOT BE OVEREMPHASIZED. OPEN
MACRoscoplc GROUPING METHODS REQUIRE AN ABUNDANT SUPPLY OF
SUCH SERUMS. BEFORE UNDERTAKING EXPERIMENTS WITH THE VINCENT
METHOD, WE PREPARED LARGE QUANTITIES OF ANTI=B AND ANTI-A
SERUM FROM THE BLOOD OF TWO VOLUNTEERS POSSESSING UNUSUALLY
HIGH AGGLUTINATION POWER AS DETERMINED BY SLIDE TITRATION OF
AGGLUTININS. 72 THESE SERUMS EXCELLED THE REQUIREMENTS OF
COCA's GRADE | FOR COMMERCIAL TEST SERUMS'O(TABLE XX) WiTHOUT
ANY ARTIFICIAL CONCENTRATION SUCH AS THE ALTERNATE FREEZING
AND THAWING PROPOSED BY TERRY.76

'FOR MANY YEARS WE HAD USED HOME-MADE OR COMMERCIAL
SERUMS OF INDIFFERENT QUALITY, RELYING ON CROSS-MATCHING FOR
SAFETY, AND EMPLOYED A MODIFICATION OF MINOT'S METHOD FOR
GROUPING. BLOOD WAS OBTAINED BY VENIPUNCTbRE AND THREE DROPS
WERE MIXED WITH A TEST TUBE FULL OF SALINE SOLUTION TO MAKE AN
UNCITRATED CELL SUSPENSION. THE REMAINDER WAS ALLOWED TO CLOT

AND WAS THEN CENTRIFUGATED TO SEPARATE THE SERUM. AGGLUTINATION
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TaBLE XX

COMPARISON OF AGGLUTININ TITER OF SERUMS Usep AT CINCIN-
NAT! GENERAL HOSPITAL WITH GrADE | (Coca) SERUM

—
MACROSCOPIC

SERUM CELL AGGLUTINATION

SERUM DILUTION DILUTION TIME
GRADE | (CocA).. | -4 | -4 |1 SECONDS
SERUM AT CINCIN=- AnNTI=A 1-10 -4 : 5 SECONDS
NATI GENERAL ANTI1-B |-10 | -4 5 SECONDS

HospiTAL

WAS DETERMINED MICROSCOPICALLY IN PETROLATUM-RIMMED COVER
SLIP PREPARATIONS OF CELL SUSPENSION MIXED WITH TEST SERUM

AND ALLOWED TO STAND FOR FROM TWENTY TO THIRTY MINUTES. FOR

77

DIRECT MATCHING WE HAD ALWAYS USED Moss's METHOD SIMPLI~

FIED BY ELIMINATION OF CITRATING AND WASHING OF THE CELLS.

RECIPROCAL HANGING DROP PREPARATIONS OF EQUAL PARTS OF SERUM
AND SALINE CELL SUSPENSION WERE OBSERVED MICROSCOPICALLY
AFTER MECHANICAL SHAKING FOR FROM THIRTY TO SIXTY MINUTES.

IN ORDER TO PROVE THE GREATER EFFICIENCY AND RELI-
ABILITY CLAJMED FOR THE COMBINED VINCENT AND COCA PROCEDURES,
ALL GROUPINGS AND MATCHINGS FOR TRANSFUSIONS GIVEN IN THE
SURGICAL SERVICE DURING A PERIOD OF TWO MONTHS WERE DETERMINED
BOTH BY THE OLDER METHODS AND BY OUR NEW VINCENT-COCA TECHNIC.
THESE EXAMINATIONS WERE MADE IN PARALLEL SERIES ON MORE THAN
200 CONSECUTIVE SPECIMENS OF BLOOD. |IN EACH INSTANCE THE NEW
TECHNIC WAS TRIED FIRST AND THEN CHECKED BY THE OLDER METHODS.
NOT ONLY WAS EACH PAIR OF READINGS IN AGREEMENT BUT IN EVERY

INSTANCE THE CRITERIA OF AGGLUTINATION WERE MORE PROMPTLY AND
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CLEARLY DEFINED WITH THE VINCENT-COCA PROCEDURE. THE GROUP
COULD BE DETERMINED BY THE OPEN MACROSCOPIC METHOD IN A TOTAL
ELAPSED TIME OF FROM TWO OR THREE MINUTES, AND THE INTERVAL
OF FIFTEEN MINUTES PRESCRIBED FOR OBSERVATION OF THE COMPAT-
IBILITY TEST PROVED MORE THAN AMPLE, AS IN NO CASE DID AGGLU=-
TINATION APPEAR AFTER FIVE MINUTES THAT HAD NOT ALREADY
OCCURRED. "UNIVERSAL" DONORS WITH AGGLUTININ TITER POTEN-
TIALLY DANGEROUS FOR A OR B RECIPIENTS COULD BE DETECTED BY
AGGLUTINATION IN THE |:5 MIXTURE OF DONOR'S AND RECIPIENT'S
BLOOD, AND MANY TIMES WE WERE ABLE TO EMPLOY EMERGENCY
"UNIVERSAL" DONORS WITH PERFECT SAFETY. OCCASIONALLY "UNI-
VERSAL" DONORS WERE USED TWO OR THREE TIMES FOR ONE PATIENT
WITHOUT ILL EFFECT. BY VIRTUE OF THE SAME QUANTITATIVE
FEATURE, LOW TITERED A DONORS AND OCCASIONALLY B DONORS WERE
SAFELY SELECTED FOR "UNIVERSAL" RECIPIENTS.'S ON COMPLETION
6F THESE STUDIES WE ABANDONED THE OLD MODIFIED Moss AND MINOT
METHODS AND ADOPTED THE COMBINED VINCENT-COCA TECHNIC AS A
ROUTINE, OVER A PERIOD OF FOUR YEARS BLOOD HAS BEEN GRoupeb
AND MATCHED BY THIS METHOD FOR MORE THAN 8000 CONSECUTIVE
TRANSFUSIONS WITH BUT THREE REACTIONS DUE TO INCOMPATIBILITY,
EACH OF THESE WAS TRACEABLE TO A LABORATORY ERROR MADE BY THE

INDIVIDUAL PERFORMING THE TEST.

SUMMARY AND CONCLUSIONS

/ THIS TECHNIC COMBINES THE PRINCIPLES OF THE VINCENT

OPEN MACROSCOPIC METHOD FOR BLOOD GROUPING AND THE COCA COM-

e



PATIBILITY TEST FOR DIRECT MATCHING.

THE ADVANTAGES OF THESE METHODS IN GENERAL, AND THE

LY

COMBINED TECHNIC IN PARTICULAR, MAY BE SUMMARIZED AS FOLLOWS:

|. BOTH GROUPING AND COMPATIBILITY MAY BE DETER-
MINED WITH APPROXIMATELY TEN DROPS OF DEFIBRINATED WHOLE BLOOD
OBTAINED BY FINGER PUNCTURE.

o. VENIPUNCTURE AND SEPARATION OF CELLS AND SERUM
ARE UNNECESSARY. THIS 1S PARTICULARLY ADVANTAGEOUS WHEN
DONORS MUST BE SELECTED IN EMERGENCIES FROM LARGE GROUPS OF
UNKNOWN VOLUNTEERS, AS IT SAVES THE TIME REQUIRED FOR PREPARA-
TION OF NEEDLES AND SYRINGES, SUSPENSIONS AND SERUM.

4 3. THE VEINS OF PATIENTS REQUIRING REPEATED INTRA-

VENOUS THERAPY MAY BE CONSERVED.

4, PROVIDED STANDARDIZED, HIGH TITERED TEST SERUMS
ARE EMPLOYED, THE BLOOD GROUP IS USUALLY OBVIOUS IN LESS THAN
ONE MINUTE.,

5. COMPATIBILITY MAY BE DETERMINED WITH A WIDE MARGIN
OF SAFETY IN FIFTEEN MINUTES, AND THE CONDITIONS AND PROPOR=-
TIONS OF THE PROPOSED TRANSFUSION MAY BE DUPLICATED BEFOREHAND
IN VITRO, BOTH QUALITATIVELY AND QUANTITATIVELY.

6. THE TIME AND MATER!AL CONSUMED IN MAKING COVER
SLIP PREPARATIONS ARE SAVED.

7. MUNIVERSAL" DONORS WITH AGGLUTININ TITER DANGER-
OUS FOR A OR B RECIPIENTS CAN BE DETECTED BY THE |15 MIXTURE
OF DONOR'S AND RECIPIENT'S BLOOD.

8. LOW TITERED A DONORS MAY BE SELECTED FOR "UNI -
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VERSAL RECIPIENTS.

9. THE TOTAL ELAPSED TIME FROM THE ARRIVAL OF UN-
KNOWN DONORS TO THE FINAL READING OF THE COMPATIBILITY TEST
HAS BEEN REDUCED TO THIRTY MINUTES, AND OFTEN THE BLOOD MAY

BE DRAWN IN TWENTY MINUTES PENDING THE FINAL READING.
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PART 111

ESTABLISHMENT AND OPERATION OF A BLOOD TRANSFUSION SERVICE
EARLY |INVESTIGATION
THE PRESENT STATUS OF BANK BLOOD
ORGANI ZATION OF THE SERVICE
ADMINISTRATION
HEADQUARTERS, EQUIPMENT, AND PERSONNEL
METHOD OF OPERATION
|l THE BLOOD BANK
2. THE VOLUNTEER DONOR BUREAU
THREE THOUSAND TRANSFUSIONS OF REFRIGERATED BLOOD



ESTABLI SHMENT AND OPERATION OF A BLOOD TRANSFUSION SERVICE

THE SELECTION AND ARTIFICIAL PREPARATION OF HIGH

TITERED TEST SERUMS, THE STUDY OF THE CAUSE AND ‘PREVENTION OF

HEMOLYTIC TRANSFUSION REACTIONS, THE CONSIDERATION OF THE ROLE

OF SUB-GROUPS AND INTRA-GROUP AGGLUTININS IN TRANSFUSION ACCIl-
DENTS, AND THE ADOPTION OF A SIMPLE ACCURATE TECHNIQUE FOR THE
DETERMINATION OF BLOOD GROUPING AND COMPATIBILITY HAVE BEEN
DESCRIBED. ALL ARE PARALLEL ACTIONS DIRECTED TOWARD A SINGLE
PURPOSE, THE TRANSFUSION OF BLOOD WITH THE GREATEST SIMPLICITY
AND THE LEAST POSSIBLE DELAY IN LABORATORY PROCEDURE, WHILE
OBSERVING THE BEST KNOWN ST ANDARDS OF SAFETY.
ANOTHER MAJOR O BSTACLE TO THE DISPATCH OF BLOOD

TRANSFUSION SERVICE IN LARGE MUNICIPAL HOSPITALS IS THE IN-

ACCESSABILITY OF BLOOD DONORS., THERE ARE DELAYS, INEFFICIENCY,

~AND TRAGIC RESULTS ATTENDANT TO LOCATING FRIENDS AND RELATIVES

AND THE LABORATORY SEARCH FOR COMPATIBLE AND SUITABLE BLOODS
FOR PATIENTS WHOSE BLOODS ARE OF THE RARE GROUPS., OCCASIONALLY
THERE IS AN EMERGENCY WHICH DOES NOT PERMIT EVEN THE TIME USED
TO SELECT A DONOR FOR A PATIENT WHOSE BLOOD IS OF THE COMMON
GROUP., THESE ARE MATTERS OF ORDINARY KNOWLEDGE TO ANY RESIDENT
PHYSICIAN. ANY INNOVATION IN BLOOD TRANSFUSION SERVICE WHICH

ABOLISHES THESE DELAYS RESULTS IN A DECREASED MORBIDITY AND

THE SAVING OF LIVES. IT BECOMES ANOTHER PARALLEL FORCE DE-

SIGNED TO ACCOMPLISH THE SAME PURPOSE AS THE TECHNICAL. IMPROVE=-

MENTS AND CONSIDERATIONS MENT!ONED ABOVE,
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SUCH AN INNOVATION 1S THE ESTABLISHMENT OF THE AMER-
ICAN RED CROSS BLOOD TRANSFUSION SERVICE AT THE CINCINNATI
GENERAL HOSPITAL. THIS SERVICE CONSISTS OF A BLOOD BANK AND A
VOLUNTEER DONOR BUREAU, HEREIN WILL BE PRESENTED THE DETAILS
OF THE ORGANIZATION AND‘METHbD OF OPERATION OF THIS SERVICE,
A STATISTICAL ANALYSIS OF THE FIRST 3077 TRANSFUSIONS OF RE=

FRIGERATED BLOOD IS APPENDED.
EARLY INVESTIGATION

ALTHOUGH A FEW EXPERIMENTAL WORKS ARE RECORDED EAR-
LIER IN THIS CENTURY, THE WIDESPREAD CLINICAL USE OF PRESERVED
BLOOD IS STRICTLY A DEVELOPMENT BELONGING TO THE PAST DECADE.
Rous anp TURNER78 OF THE ROCKEFELLER INSTITUTE PRESERVED BLOOD
BY ADDING AN ANTI=COAGULANT MEDIUM CONSISTING OF TWO PARTS OF
ISOTONIC SODIUM CITRATE SOLUTION AND FIVE PARTS OF [SOTONIC
:DEXTROSE SOLUTION TO THREE PARTS OF WHOLE BLOOD. THEY WERE
CHIEFLY INTERESTED IN RED BLOOD .CELLS AND NOTED THAT IN THIS
MIXTURE THE CELLS REMAINED INTACT FOR FOUR WEEKS. THEIR ONLY
ATTEMPTS AT TRANSFUSION WERE EXPERIMENTAL AND WERE LIMITED TO
THE TRANSFUSION INTO ANIMALS OF RED BLOOD CELLS SUSPENDED IN
PHYS10LOGIC SALT SOLUTION, THE PLASMA HAVING BEEN DISCARDED.
THE FIRST RECORDED TRANSFUSION OF PRESERVED WHOLE BLOOD WAS
THAT oF WEIL68. BLOOD FROM THREE TO FIVE DAYS OLD, IN WHICH
| .cc. oF |0 PERCENT SODIUM CITRATE SOLUTION HAD BEEN ADDED Té

EACH |0 cC. OF BLOOD, WAS TRANSFUSED. DURING THE WORLD War

ROBERTSON79 EMPLOYED THE ROUS-TURNER TECHNIQUE IN TWENTY CASES.,
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THE RED CELLS OF BLOOD WHICH HAD BEEN STORED FOR AS LONG AS
TWENTY~FOUR DAYS WERE GIVEN INTRAVENOUSLY AFTER SUSPENSION IN
ISOTONIC SALT SOLUT;ON. THE PLASMA WAS DISCARDED BECAUSE OF
FEAR OF TOO HIGH A CONCENTRATION OF SODIUM CITRATE IN THE
WHOLE BLOOD MIXTURE; INTEREST LAGGED IN THIS INVESTIGATION
FOR A NUMBER OF YEARS AFTER THE WorLD WAR, BUT THEN RECEIVED
CONSIDERABLE ENCOURAGEMENT WHEN YUDIN80 OF Moscow REPORTED
THE RESULTS IN 1000 TRANSFUSIONS OF REFRIGERATED CADAVER BLOOD.
ADDED IMPETUS ALSO EMANATED FROM RUSSIA AS A RESULT OF REPORTS
OF THE TRANSFUSION OF PRESERVED BLOOD OBTAINED FROM THE PLA-
CENTAL END OF THE SEVERED UMBILICAL CORD. THE TRANSFUSION OF
PLACENTAL BLOOD WAS FIRST REPORTED FROM THIS CONTINENT BY
GOODALL.Bl
AT THE CINCINNAT! GENERAL HOSPITAL USE OF THE CA-

'DAVER AS A SOURCE OF BLOOD WAS INVESTIGATED ONLY FROM THE STAND-
POINTS OF OBTAINING THE BLOOD IN STERILE CULTURE, AND OF DETER-=
MINING HOW MUCH BLOOD COULD BE OBTAINED. BEFORE DRAWING BLOOD
FROM THE CADAVER, THE FOLLOWING REQUIREMENTS HAD TO BE MET:

. |T WAS NECESSARY TO OBTAIN AN AUTOPSY PERMIT AND
DRAW THE BLOOD WITHIN SIX HOURS AFTER DEATH SINCE THE DANGER
OF PENETRATION OF INTESTINAL BACTERIA INTO THE BLOOD STREAM
AFTER SIX HOURS 1S GREAT.

9. |T WAS NECESSARY TO PREDETERMINE THAT NO IN=-
FECTIOUS DISEASE WAS PRESENT AT THE TIME OF DEATH.

3. FREEDOM FROM SYPHILIS AS DETERMINED BY PREVIOUS

NEGATIVE WASSERMANN OR KAHN TESTS WAS NECESSARY.
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i ONCE . THESE  REQUIREMENTS WERE MET IT WAS FOUND THAT
ONLY ONE CADAVER 'EACH THREE OR. FOUR WEEKS WAS AVAILABLE" FOR
THE ' EXTRACT ION"'OF . BLOOD. {THE. AVERAGE-AMOUNT OBTAINED FROM
EACH: OF: THREE.CADAVERS “BY CANNULATING:THE" INTERNAL JUGULAR *.
VE|N?WITHUTHEuHEADitN:A'DEPE&DENTJPOSITlONVWAS'l2OO.CC¥‘HH
EFFORTS TOWARDS OBTAINING BLOOD: FROM: THIS -SOURCE' WERE ABAN-
DONED' BECAUSE- THE ' AMOUNT OBTAINABLE' WAS :-TOO SMALL-TO"BE OF'" .
VALUE TO A“TRANSFUSIONJSERVICEiWHICH"REQUPRED?APPROX|MATELY
4000 GG, “0F ‘BLOOD PER’ DAY “AND,  ALSO; -BECAUSE"IT WAS BELIEVED

THAT PATIENTS WOULD NOT BE“WILLING TO' "ACCEPT THE:-TRANSFUSION

NNV PIES

......

OF CADAVER'BLOOD.*

“3*FouLowrchTHé~TEcHN|QUEwaTLlNEDTBYWGOODALL*ANoilN
cooneRAT{oN:W|THifHé*OésTeTRiCAL@DEPARTMENT,"FETAL‘coaoxaiooo
AS A" SOURCEOF *5UPPLY‘WAS/INVESTIGATED. 'QUANTITIES OBTAINED

IN“STERILECULTURE" AMOUNTEDTO ABOUT?||5 CC.‘FOR-EACH CORD. '’

THE'NUMBERJOF CORDS A VAILABLE UPON WHICH NEGATIVE WASSERMANNS

 COULD BE OBTAINED!'AVERAGED:6 EACH DAY.. " ' THUS:=SIX. OPERATIONS

AND- SIX SETS/OFSTERILE ‘EQUIPMENT. WERE.REQUIRED} INiORDER-TO " "

OBTAIN.LESS THAN:700:CC, 'OF: BLOOD. ' THE.'POOLINGYOF-THESE! o

BLOODS! | N:'‘ORDER. TO OBTAIN: AMOUNTS i FOR:PRACTICALIUSE!AND: THE '

NUMBER:.OF 'GROUP ING ! TESTS REQUIRED IN THE LABORATORY:BEFORE
THEY..couLD  BE ‘POOLED'-WERE:'ADDED DIFFICULTIES: ‘THE EXPERIENCE
IN'THIS GLINIC.1S THAT AN.'EQUAL . AMOUNT' OF" BLOOD ‘CAN BE 0B~
#A'NED:ern MUCH LESS DIFFICULTY FROM FRIENDS AND RELATIVES
AND FROM OTHER VOLUNTEER DONORS. FOR THIS REASON, pLAéENTAL

BLoop OBTAINED FROM FETAL CORDS IS REGARDED HERE AS AN M-
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THE PRESENT STATUS OF BANK BLOOD

BLOOD IS A LIVING FLUID AND THE LIMITATIONS OF ITS
USE WHEN PRESERVED HAVE BECOME A PROBLEM OF MAJOR INTEREST.
IN THE SHORT SPACE OF TWO YEARS MUCH WORK HAS BEEN DONE IN
VARIOUS CLINICS IN ORDER TO ANSWER THE NATURAL QUESTIONS WHICH
ARISE PERTAINING TO THESE LIMITATIONS, THE QUESTION OF HOW
LONG H.00D CAN BE STORED BEFORE USE CAN BE ANSWERED ONLY BY
FURTHER STUDY OF THE CHANGES WHICH OCCUR IN THE MANY DIFFER-
ENT COMPONENTS DESIRABLE IN TRANSFUSIONS., WHEN THE STABILITY
OF EACH OF THESE COMPONENTS HAS BEEN DETERMINED AND 1S KNOWN.
IN TERMS OF DAYS, THE ANSWER TO THE QUESTION OF HOW LONG BLOOD
MAY BE KEPT BEFORE TRANSFUSION WILL THEN BE KNOWN. THE
LENGTH OF TIME WILL UNDOUBTEDLY VARY A GREAT DEAL, DEPENDING
UPON WHAT COMPONENT OF THE BLOOD IS DESIRED IN A PARTICULAR
TRANSFUSION, THE ONLY TWO METHODS OF APPROACH FOR THIS STUDY
ARE (1) A DETERMINATION OF THE CHANGES WHICH OCCUR IN PRE-
SERVED BLOOD AND (2) AN EVALUATION OF THE RESULTS OF THE TRANS-
FUSION OF SUCH BLOOD.

IN REGARD TO THE CHANGES WHICH OCCUR IN PRESERVED
BLOOD, THE FOLLOWING CONTRIBUTIONS ARE OF INTEREST. UsiNG
KJELDAHL NITROGEN DETERMINATIONS ON PROPERLY REFRIGERATED
BLOOD AS INDICES OF PROTEOLYSIS, KREMERMAN83 CONCLUDED THAT
BLOOD STORED FOR TWENTY-ONE DAYS WAS NOT TOXIC TO THE RECIP-
lENT AS FAR AS THE DEGREE OF PROTEOLYSIS 1S CONCERNED.

SCUDDER84 OBSERVED A SHIF‘f OF POTASSIUM IONS FROM CELLS TO
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PLASMA AND FEELS /"THAT CARE SHOULD BE TAKEN IN USING IT IN
CERTAIN TYPES OF CASES. |T SEEMS DOUBTFUL, HOWEVER, THAT THE
AMOUNT OF FREE POTASSIUM IS SUFFICIENT TO CAUSE TOXIC SYMPTOMS.
THE MARKED HEMOLYSIS OF RED CELLS WHICH OCCURS AT
THE END OF TEN DAYS HAS BEEN A SUBJECT OF MUCH DISCUSSION,
ancé ERYTHROCYTES ARE THE IMPORTANT ELEMENTS IN THE TREATMENT
OF HEMORRHAGE AND ANEMIA., FOLLOWING THE LEAD OFFERED BY THE

85 HAS SHOWN THAT THE

EAR;Y WORK OF RouUs AND TURNER; DEGOWIN
ADDITION OF THIRTEEN PARTS OF 5.4 PERCENT OF GLUCOSE SOLUTION
AND TWO PARTS OF 3.2 PERCENT OF SODIUM CITRATE SOLUTION TO
EACH TEN PARTS OF BLOOD PREVENTS RAPID HEMOLYSIS AND DELAYS
POTASSIUM 10N DIFFUSION INTO THE SERUM. |T 15 OBVIOUS, HOW-
EVER, THAT THIS MIXTURE SHOULD NOT BE ADDED ROUTINELY TO ALL
BANK BLOOD, SINCE THE DILUTION WOULD REDUCE THE BLOOD EFFIC-
IENCY OF THE FLUID TRANSFUSED TO 40 PERCENT PER UNIT VOLUME.
THE RESULT OF DEGOWIN'S WORK MAY FIND PRACTICAL APPLICATION
IN THOSE CAsEs WHERE THE VOLUME OF FLUID TRANSFUSED CAN BE
RAISED TO THE POINT DESIRED WITHOUT CONTRA=INDICATION, CER=
TAINLY 1IN THé TREATMENT OF SHOCK, WHERE THE PLASMA 1S THE DE-
SIRED ELEMENT AND THE ERYTHROCYTES ARE GENERALLY CONSIDERED
TO BE INCONSEQUENTIAL, ANY DILUTION OF BANK BLOOD IS UNDE=-
SIRABLE BECAUSE OF THE DIMINUTION IN THE HYDROSCOPIC ACTION
OF THE PLASMA WHICH RESULTS.

RHOADS AND PANZER86 BELIEVE BANK BLOOD TO BE AN UN-

SATISFACTORY SOURCE OF PLASMA PROTHROMBIN FOR THE TREATMENT

OF THE HEMORRHAGIC DIATHESIS ASSOCIATED WITH JAUNDICE. . THEY
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BASE THEIR OPINIONS ON DETERMINATION OF THE PROTHROMBIN TIME
87
OF BANK BLOOD PLASMA BY THE METHOD OF QUICK. LORD AND

88

PASTORE MADE THE SAME STUDY ON BANK BLOOD, USING THE METHOD

89 FOR THE DETERMINATION OF

OF WARNER, BRINKHOUSE, AND SMITH
PROTHROMBIN TIME, AS wéLL AS THE METHOD OF QUICK. THEY
CORROBORATED THE WORK OF RHOADS AND PAQZER WHEN USING THE
METHOD OF QUICK, BUT SHOWED THAT THE PROTHROMBIN LEVEL

DROPPED ONLY TO 84 PERCENT IN EIGHT DAYS, AS COMPARED TO 23
PERCENT BY THE QUICK TEST WHEN USING THE METHOD OF WARNER,

- BRINKHOUSE, AND SMITH., AT THE END OF TWELVE DAYS THE PRO-
THROMBIN TIME WAS 27 PERCENT BY THE METHOD OF QUICK AND 75
PERCENT BY THE METHOD OF WARNER, BRINKHOUSE, AND SMITH.

THESE FINDINGS WERE ON PROPERLY REFRIGERATED BLooo (20 7o

4° C.). DETERMINATIONS MADE BY LORD AND PASTORE ON THE PRO-
THROMBIN TIME OF PLASMA KEPT AT ORDINARY ICE BOX TEMPERATURE

' SHOWED THE PROTHROMBIN TIME TO BE ONLY 48 PERCENT IN TWELVE
DAYS, USING THE METHOD OF WARNER, BRINKHOUSE, AND SMITH. THE
DISCREPANCY IN THE RESULTS OBTAINED WHEN USING THE METHOD OF
WARNER, BRI NKHOUSE, AND SMITH AS COMPARED TO THE METHOD OF
QUICK IS PARTIALLY EXPLAINED BY LORD AND PASTORE BY THE FACT
"THAT THE QUICK TEST CONTROLS ONLY THE CALCIUM AND THROMBO=-
PLASTIN (SINCE QUICK CORRECTLY CONSIDERED IT UNIMPORTANT TO
CONTROL THE'FIBRINOGEN CONTENT WHICH 1S NORMAL IN THE BLOOD

OF THE JAUNDICED PATIENT) AND THAT THE WARNER, BRINKHOUSE, AND
SMITH TEST CONTROLS THE FIBRINOGEN AS WELL. SINCE THE DIFFER-

ENCE IN THE LEVEL IN THE PROTHROMBIN TIME OF BANK BLOOD WHEN
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DETERMINED BY THE TWO METHODS |S CREATED BY THE ADDITION OF
FIBRINOGEN AND SINCE THE FIBRINOGEN CONTENT OF BANK BLOOD
PLASMA HAS BEEN SHOWN TO BE NORMAL QUANTITATIVELY BY BAN=-
CROFT,QO A POSSIBLE EXPLANATION FOR THE DIFFERENCE IN RESULTS
MAY LIE IN THE FACT THAT THERE ARE QUALITATIVE CHANGES IN THE
FIBRINOGEN OF BANK BLOOD PLASMA. HOWEVER THIS MAY BE, LORD
AND PASTORE CONCLUDE THAT BANK BLOOD IS AN ADEQUATE SOURCE oF
PLASMA PROTHROMBIN FOR ABOUT NINE DAYS AS DETERMINED BY THE
ACCURATE METHOD OF WARNER, BRINKHOUSE, AND SMITHe THEY ALSO
CONCLUDE THAT CAREFULLY CONTROLLED REFRIGERATION IS AN IM=-
PORTANT FACTOR IN THE PRESERVATION OF PROTHROMBIN. THEIR
CONCLUSIONS ARE QUITE REASONABLE AND, SINCE THE FIBRINOGEN
CONTENT OF THE PLASMA IN JAUNDICED PATIENTS IS QUITE NORMAL,
THE PROTHROMBIN WHICH IS TRANSFUSED SHOULD BE AFFECTED BY THE
FIBRINOGEN OF THE PATIENT IN SUCH A MANNER AS TO DECREASE THE
CLOTTING TIME, JUST AS OCCURS WHEN THE FIBRINOGEN IS ADDED IN"
A TEST TUBE IN THE METHOD OF WARNER, BRINKHOUSE, AND SMITH.
A CAREFULLY CONTROLLED STUDY OF THE EFFECTS OF BANK BLOOD OF
VARIOUS AGES UPON THE PROTHROMBIN TIME OF éATIENTS Wi TH
JAUNDICE HAS NEVER BEEN MADE AND WOULD BE OF EXT&EME VALUE AT
THE PRESENT TIME IN ORDER TO DETERMINE THIS PARTICULAR LIMITA-
TION OF BANK BLOOD.

ANOTHER QUESTION OF INTEREST IN THE LIMITATIONS OF
BANK BLOOD IS THAT OF STERILITY. REPORTS SHOWING THE RESULTS
OF CULTURES ON SPECIMENS TAKEN FROM BANK BLOOD ARE TOO NUMER-

OUS TO MENTION. |T 1S GENERALLY AGREED THAT, PROVIDING CAREFUL
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TECHNIQUE 1S EXERCISED IN THE DRAWING OF THE BLOOD IN A CLOSED
SYSTEM, IT IS NOT DESIRABLE TO CULTURE ROUTINELY BANK BLOOD
BEFORE IT |S TRANSFUSED. THE MERE TAKING OF THE CULTURE SUB-
JECTS THE SPECIMEN TO INCREASED oopoa%unnrv FOR CONTAMINATION,
NOVAKQI BELIEVES THAT PYROGENS PRODUCED BY BACTERIA GROWING

IN BANK BLOOD MAY BE A CAUSE OF TRANSFUSION REACTlONé AND
STATES THAT THE FREQUENCY OF TRANSFUSION REACTIONS WITH‘BANK
BLOOD "RANGES UP TO 50 PERCENT DEPENDING ON THE INDEX USED

FOR DEFINING A TRANSFUSION REACTION." HE DOES NOT SAY WHERE
THESE STATISTICS WERE OBTAINED. ASSUMING THAT THE LACK OF
STERILITY 1S A MAJOR CAUSE OF TRANSFUSION REACTIONS, NOVAK AD-
VOCATES.THE ADDITION OF SULFANILAMIDE, 20 mGs. 71O 100 cc. OF
BLOOD, AS A BACTERIOSTATIC AGENT. THE METHOD OF HIS STUDY WAS
TO INNOCULATE |0 CC. OF FRESH BLOOD WITH 24-HOUR CULTURES OF
,STAPHYLQCOCCUS ALBUS, PSEUDOMONAS AERUGINOSA, AND HEMOLYTIC
SPORE~FORMING RODS. THE SPECIMENS WERE THEN PLATED ON AGAR

AND THE COLONIES WERE COUNTED AFTER REFRIGERATION FOR 48 HOURS
AT 49 _ g9 C. COMPLETE BACTERIOSTASIS AND, IN SOME CASES, STER-
ILIZATION, WAS AFFECTED BY A 20 MG. PERCENT CONCENTRATION OF
SULFANILAMIDE. |T 1S DOUBTFUL THAT PYROGENS PRODUCED BY BAC-
TERIA GROWING IN BANK BLOOD DRAWN WITH PROPER STERILE TECH-
NIQUE ARE A CAUSE OF TRANSFUSION REACTIONS, SINCE THE INCIDENCE
OF REACTIONS IN SOME REPORTED SERIES OF BANK BLOOD TRANSFUSIONS
s NO GREATER THAN THE INCIDENCE OF REACTIONS IN REPORTED
SERIES OF TRANSFUSIONS OF FRESH BLOOD (CF. P. 99).

DRew AND SCUDDERZZ CAREFULLY DETERMINED THE FATE OF ‘
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THROMBOCYTES IN BANK BLOOD AND FOUND THAT THEY RAPIDLY FALL
TO LESs THAN 100,000 FOR EACH CUBIC MM. IN 24 HOURS AND TO
40,000 AT THE END OF THREE DAYS. KOLMER ALSO DEMONSTRATED

THE INSTABILITY OF PLATELETS (cF. P. 59). BECAUSE OF THIS,

‘BANK BLOOD SHOULD NOT BE USED AS A SOURCE OF THROMBOCYTES.

NuMEROUS WORKERSSO»92593 Lave DEMONSTRATED THE DE-

GREE OF SPONTANEOUS HEMOLYSIS IN PROPERLY REFRIGERATED BANK
BLOOD. THE RESULTS OF THESE STUDIES INDICATE THAT PRESERVED
BLOOD IS A GOOD SOURCE OF ERYTHROCYTES UP TO FIVE DAYS OF AGE
AND SHOULD NOT BE USED FOR THIS PURPOSE AFTER EIGHT DAYS.

THE AGE LIMITATION THAT SHOULD BE PLACED ON PRE=-
SERVED BLOOD WHICH IS USED IN THE TREATMENT OF INFECTIONS,
SEPTIC STATES, AND SEPTICEMIAS IS NOT YET CLEAR AND MUST
NECESSARILY DEPEND UPON THE COMPONENT OR COMPONENTS OF BLOOD
DESIRED IN A PARTICULAR CASE. THE SUPPORTIVE VALUE OF THE
ELEMENTS CONTAINED IN PLASMA FOR NUTRITION AND OF THE RED
CELLS IN COMBATING THE ANEMIA OF THESE CONDITIONS IS WELL
KNOWN. SINCE THE VALUE OF IMMUNE SUBSTANCES, BOTH SPECIFIC
(ANTlsoélas) AND NON-~SPECIFIC BACTERICIDAL (LEUKINS AND
PLAKINS), EVEN IN FRESH BLOOD IN 200 cc. TO 500 CC. AMOUNTS
S DEBATABLE, DETERIORATION OF THESE SUBSTANCES IN PRESERVED
BLOOD AS SHOWN BY KOLMERZS MAY OR MAY NOT BE A LIMITATION TO
TS Use. THe REéULTs OF HIS STUDIES ON CITRATED BLOOD PRE-
SERVED AT 4° 70 60 ARE AS FOLLOWS:

l. COMPLEMENT IS WELL PRESERVED UP TO |4 DAYS.

2. BACTERICIDAL ACTIVITY FOR STAPHYLOCOCCUS AUREUS,




T

BETA HEMOLYTIC STREPTOCOCCUS AND BACILLUS COLI IS DECREASED
AFTER SEVEN DAYS PRESERVATION.

3e PHAGocvrlé ACTIVITY OF NEUTROPHILS ON THE SAME
THREE ORGANISMS 1S DEFINITELY REDUCED WITHIN 72 HOURS, BE-
COMING MARKEDLY SO ABOUT THE FIFTH DAY, DUE TO DEGENERATIVE
CHANGES IN THE LEUKOCYTES. |

4, LEUKOCYTES DISPLAY DEGENERATIVE CHANGES WITHIN
24 Hours.

5. THE PLATELETS EXHIBIT DISTINCT CLUMPING IMMED-
VATELY, WITH EVIDENCE OF DETERIORATION IN 24 HOURS. THEY ARE
SCARCE AT THE END OF 48 HOURS.

ALTHOUGH IT IS NOT ESTABLISHED, KOLMER BELIEVES, AS
0o MANY ofHERs, THAT IMMUNE SUBSTANCES IN TRANSFUSED BLOOD
ARE EFFICACIOUS IN THE TREATMENT OF SEPTIC CONDITIONS AND CON-
CLUDES THAT FRESH BLOOD IS PREFERABLE AND THAT PRESERVED BLOOD
MORE THAN 2 To 3 DAYS OLD SHOULD NOT BE USED FOR THESE PUR-
POSEs,

THE SECOND METHOD OF APPROACH TO THE STUDY OF THE
VALUE OF PRESERVED BLOOD, NAMELY, THE STUDY OF RESULTS OF
TRANSFUSION OF SUCH BLOOD, IS ONE WHICH DESERVES CAREFUL AT-
TENTION AND ONE WHICH WILL INCREASE IN VALUE AS CAREFULLY COM-
PILED STATISTICS ACCUMULATE. |T IS FROM THIS STANDPOINT THAT
THE'STATISTICAL ANALYSIS OF 3077 TRANSFUSIONS OF REFRIGERATED
BLOOD AT THE CiNCINNATI GENERAL HOSPITAL BECOMES OF INTEREST.

THE ResyLTs oF THIS STUDY ARE COMMENTED UPON AS IT IS PRE=-

SENTED (cr. p., 93).
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SCHAEFFER AND WIENER94 TRACED THE FATE OF THE ERYTH-
ROCYTES OF BANK BLOOD WHEN TRANSFUBED AND FOUND THAT THE RE-
SULT WHEN FIVE TO EIGHT=DAY.OLD sLooa WAS USED WAS ABOUT THE
SAME AS WHEN FRESH BLOOD WAS TRANSFUSED. THE PERIODCF SUR-
VIVAL OF THE ERYTHROCYTES WAS FROM THREE TO FOUR MONTHS. HOw-
EVER, FOUR SPECIMENS OF TEN TO TWENTY=DAY OLD BLOOD WERE
TRANsrusso AND THE ERYTHROCYTES GIVEN COULD NOT BE DEMONSTRATED
IN THE CIRCULATION OF THE RECIPIENT AFTER FROM ONE TO THREE
WEEKS,

IN THE OPERATION OF THE BLOOD BANK AT THE CINCINNATI
GENERAL HOSPITAL IT HAS BEEN ORDINARY PRACTICE TO DISPENSE
UNITS OF BLOOD WITH REGARD TO THE KNOWN LIMITATIONS OF PRE-
SERVED BLOOD FOR THE PARTICULAR CASES, THE AGE OF THE BLOOD
ISSUED DEPENDING UPON THE DIAGNOSIS SUBMITTED FOR THE PATIENT.
ALTHOUGH IT 1S CONSTANTLY SUBJECT TO CHANGE AS MORE IS LEARNED
CONCERNING THESE LIMITAflONS THE FOLLOWING GUIDE TO THE MEM-

BERS OF THE HOUSE STAFF IS POSTED AT THE TIME OF THIS WRITING.

EXPERIENCE OF |6 MONTHS' DURATION, DURING WHICH TIME MORE THAN

3500 TRANSFUSIONS OF PRESERVED BLOOD HAVE BEEN GIVEN, HAS
SHOWN THAT THESE TIME LIMITATIONS HAVE NOT INTERFERED WITH THE

PRACTICAL OPERATION OF THE BLOOD BANK SERVICE.
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e SHOCK NOT ASSOCIATED WITH TOXEMIA

CONDITION OF THE PATIENT *AGE IN DAYS

HEMORRHAGIC, TRAUMATIC, SURGICAL,

THERMAL) veveeeaosacaocosncnccnaace 2l ﬂ
2. ANEMIA NOT ASSOCIATED WITH SEPSIS ... 8
3¢ HYPOPROTEINEMIA eoveeencaseronnonnnns 2l
4. INFECTION, SEPTIC STATE, SEPTICEMIA . 3
5. HEMORRHAGIC DIATHESIS IN OBSTRUCTIVE
JAUNDICE seeessssosocscssccccsscocnocss 8
6. THROMBOCYTOPENIC PURPURA «eeveeveesns /2 (12 HRs.)

ORGANIZATION OF THE SERVICE

THE AMERICAN RED CROSS BLOOD TRANSFUSION SERVICE, .

CONSISTING OF A BLOOD BANK AND A VOLUNTEER DONOR BUREAU WITH

HEADQUARTERS AT THE CINCINNATI GENERAL HOSPITAL, IS THE FIRST

"OF ITS KIND. |IT IS WITHOUT PRECEDENT THAT A LOCAL CHAPTER OF

THE AMERICAN RED CROSS HAS COLLABORATED WITH A MUNICIPAL
HOSPITAL IN ORDER TO PRODUCE SUCH AN ORGANI ZATION. THE CiN-
CINNATI AND HAMILTON COUNTY CHAPTER OF THE AMERICAN RED CROSS
FIRST BECAME INTERESTED IN A SERVICE TO BE OFFERED ALL
HOSPITALS AND PHYSICIANS IN HAMILTON COUNTY EARLY IN |938.

IN MAY, 1938 THE OFFICIALS OF THE ReED CROSs, IN ORDER TO AS-

CERTAIN WHETHER OR NOT SUCH A SERVICE WAS BADLY NEEDED, MET

-WITH A GROUP CONSISTING OF PHYSICIANS, SUPERINTENDENTS OF

CincinnaT HOSPITALS, MEMBERS OF THE HAMILTON COUNTY BOARD OF

HEALTH, AND REPRESENTATIVES OF INDUSTRIAL HOSPITALS., A PRO-

*

THE AGE LIMITATIONS EXPRESSED ABOVE ARE MAXIMUM ONES AND IN
ACTUAL PRACTICE ALMOST ALL UNITS OF BLOOD ARE |SSUED SEVERAL
DAYS BEFORE THESE TIME LIMITS EXPIRE.
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POSED PLAN OF OPERATION WAS PRESENTED AT THIS TIME AND WAS
GIVEN UNQUALIFIED APPROVAL BY ALL MEMBERS OF THIS GROUP.

ON THE BASIS OF THIS ASSURANCE, THE RED CROSS WAS WILLING TO
PROCEED WITH THE FINANCIAL SUPPORT OF THE PLAN AS OUTLINED.
THE AMERICAN RED CROSS BLOOD TRANSFUSION SERVICE, WITH HEAD-
QUARTERS AT THE CINCINNATI GENERAL HOSPITAL, WAS THEN ORGAN=
I'ZED AND HAS NOW BEEN IN FULL OPERATION FOR MORE THAN A YEAR.
THE ADMINISTRATION, THE HEADQUARTERS, THE PHYSICAL EQUIPMENT,
THE DUTIES OF THE PERSONNEL, AND THE METHOD OF OPERATION OF
THE SERVICE IN RELATION TO HOSPITALS AND PHYSICIANS OF

HAMILTON COUNTY ARE DESCRIBED BELOW.
ADMINISTRATION OF THE SERVICE

THE SERVICE IS KNOWN AS THE AMERICAN RED CROSS
BLoob TraNsFUsiON SERVICE. THE MEDICAL DIRECTION AND ADMIN-
I'STRATION ARE RESPONSIBILITIES OF A SERVICE COMMITTEE APPOINTED
BY THE CINCINNATI AND HAMILTON COUNTY CHAPTER OF THE AMERICAN
Reo CROSS, SUBJECT TO THE APPROVAL OF THE DIRECTI NG MEDICAL
STAFF oF THE CINCINNATI GENERAL HOSPITAL. THE INTERESTS OF
HOSPITALS OTHER THAN THE CINCINNATI GENERAL ARE REPRESENTED BY
TWO MEMBERSHIPS ON THIS COMMITTEE. THERE ARE A DIRECTOR AND AN
ASSISTANT DIRECTOR OF THE SERVICE FROM THE DEPARTMENT OF SURGERY
AT THE CINCINNATI GENERAL HOSPITAL AND' THE UNIVERSITY OF CIN-
C'NNATI,'WHO ARE ALSO MEMBERS OF THE SERvics COMMITTEE. THIS
COMMITTEE MEETS PERIODICALLY TO DETERMINE THE POLICIES OF THE

SERVIcE, THE DIRECTOR OR THE ASSISTANT DIRECTOR IS CONSTANTLY
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AVAILABLE FOR NORMAL OPERATION.
HEADQUARTERS AND EQUIPMENT

THE CINCINNATI GENERAL HOSPITAL PROVIDES SPACE WHICH
MEASURES 48 X |5 FEET FOR THE LOCATION OF THE OFFICE, TWO
BOOTHS FOR THE DRAWING OF BLOOD, AND A LABORATORY AND BLOOD
STORAGE ROOM. THE HOSPITAL ALSO FURNISHES WATER, JANITOR AND
LAUNDRY SERVICE, STEAM STERILIZATION AND ELECTﬁIClTY FOR
LIGHTS, REFRIGERATION AND VENTILATION, MECHANICAL, CARPENTRY,
AND REPAIR SERVICE ARE ALSO PARTIALLY MAINTAINED BY THE
HOSPITAL. |TEMS OF OPERATING EQUIPMENT SUCH AS GAUZE SPONGES,
COTTON, TOWELS, SHEETS, WRAPPERS, RUBBER GLOVES, STERILIZING

SOLUTIONS, HYDROGEN PEROXIDE, IODINE, PROCAINE, SODIUM CITRATE,

- COLLODION, APPLICATOR STICKS, CRESOL, ETHER, ACETONE, AND DIS-

TILLED WATER ARE SUPPLIED AT HOSPITAL EXPENSE.

THE RED CROSS ASSUMED THE'COST OF THE PHYSICAL
CHANGES IN THE SPACE, INCLUDING PARTITIONS, bECORATING, ELEC-
TRICAL WIRING, LIGHT FIXTURES, AND PLUMBING., THEY ALSO PRO-
VIDED ALL FIXED EQUIPMENT FOR THE OFFICE, BOOTHS, AND LABOR~-
ATORY, AND SUPPLY ALL OPERATING EQUIPMENT NOT MENTIONED ABO VE.
THE oFFiIce (Fle. 4) EQUIPMENT INCLUDES DESKS, CHAIRS, FILING
AND STORAGE CABINETS, ONE TYPEWRITER, OFFICE SUPPLIES AND
ALL PRINTED FORMS. EACH BOOTH (FiG. 5) 1Is EQUlppéo WITH A
DONoR BED, TWO UTILITY TABLES, AND AUXILIARY LIGHTS. THE
LABORATORY (FiG. B) EQUIPMENT PURCHASED AND SUPPLIED BY THE

RED Cross INcLUDES ONE REFRIGERATOR (F1G. 7), THE LABORATORY
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DESK AND SINK, STORAGE CABINETS FOR LINEN AND STERILE SUP -

PLIES, ONE MICROSCOPE, ONE DRYING OVEN, HUMAN BLOOD GROUPING

SERUMS, GLASS SLIDES, PETRI DISHES, GLASS PIPETTES AND

Eie. 7

PLATINUM WIRE. THE REp CROSS ALSO FURNISHES THE ITEMS USED IN

THE ponorR SETS (Fi1e. 8) WITH THE EXCEPTION OF THE MUSLIN
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WRAPPERS, GAUZE AND POWDER PAPER. THESE ITEMS ARE AS FOLLOWS:
ONE 28 x 28 INCH WRAPPER, ONE ALUMINUM CONTAINER, ONE 24 X

24 INCH WRAPPER, ONE |4 X |4 INGH WRAPPER, TWO TEST TUBES
STORPERED WITH COTTON, ONE HYPODERMIC SYRINGE, TWO GAUZE FLASK
COVERS WITH POWDER PAPER FOLDED INSIDE, ONE GAUZE PAD WITH
THIRTEEN, FIFTEEN, AND TWENTY-FIVE GAUGE NEEDLES WITH STYLETS
'NSERTED, ONE 750 CC. GRADUATED ERLENMEVER FLASK, ONE TWO-
HOLED RUBBER sTOPPER WITH GLASS BENDS AND RUBBEB TUBING

ATTACHED, AND ONE METAL ADAPTOR.

PERSONNEL

THE SALARIED PERSONNEL OF THE SERVICE CONSISTS OF
THREE LABORATORY TECHNIGIANS AND A SECRETARY. THEIR SALARIES
ARE PAID BY THE RED CROSS. THE TECHNICIANS OPERATE IN THREE
E1GHT-HOUR SHIFTS, COVERING THE ENTIRE TWENTY-FOUR HOURS OF
EACH paYy, FEacH Is RELIéVED FOR ONE DAY EACH WEEK BY A SENIOR

MEDICAL STUDENT PROVIDED BY THE NATIONAL YOUTH ADMINISTRATION,.
METHOD OF OPERATION

EARLY IN THE CONCEPTION OF THIS SERVICE IT WAS CON-
SIDERED HiGHLY DESIRABLE TO INCORPORATE INTO THE SERVICE HEAD-
QUARTERS ALL THE AGTIVITIES POSSIBLE PERTAINING TO THE TRANS-
FQS'ON OF BLOOD. REACTIONS WHICH RESULT FROM THE TRANSFUSION
OF BLOOD ARE KNowN TO 8E CAUSED BY A MULTIPLICITY OF FACTORS

WH '
'CH MAY BE DUE EITHER TO IMPROPER TECHNIQUE USED IN THE
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DRAWING OF BLOOD OR TO CARELESS HANDLING AND CLEANSING OF THE
EQUIPMENT WHICH CONTACTS THE BLOOD, AS WELL AS TO ERRORS MADE
IN THE LABORATORY TESTING OF BLOOD PRIOR TO TRANSFUSION. ALL
THESE ACTIVITIES ARE CARRIED OUT AT CENTRAL HEADQUARTERS IN
ORDER TO AVO!D DEVIATIONS FROM ACCEPTABLE STANDARDS OF TECH-
NIQUE WHICH wOoULD BE UNCONTROLLABLE IF FACILITIES WERE
SCATTERED AND RESPONS!BIL{TY DIVIDED. ALSO, UNDER A SYSTEM
OF CENTRALIZED CONTROL SPECIAL PROBLEMS RELATIVE TO THE KNOWN
LIMITATIONS OF BANK BLOOD CAN BEST BE MET AND IMPROVEMENTS IN
TECHNIQUE PERTAINING TO ANY OF THE ABOVE PROCEDURES CAN BE
READILY ADOPTED AND ENFORCED., TOO MUCH EMPHASIS CANNOT BE
PLACED UPON THESE CONSIDERATIONS. A PROPERLY REGULATED BLOOD
BANK SHOULD RESULT IN A DECREASED INCIDENCE OF TRANSFUSION
REACTIONS, AND IT MUST CONSIST OF MORE THAN A REFRIGERATOR IN
i WHICH TO STORE BLOOD.

THE BLOOD TRANSFUSION SERVICE CONSISTS OF TWO AL~

k MOST INDEPENDENT DIVISIONS, A BLOOD BANK AND A VOLUNTEER DONOR
: BUREAU, OPERATING UNDER THE SAME DIRECTION FROM THE SERVICE

; HEADQUARTERS. THE OPERATION OF THESE DIVISIONS WILL BE DE- .

1 SCRIBED SEPARATELY.

| |. THE BLOOD BANK

! o THE HOUSE PHYSICIAN DESIRING BLOOD FOR TRANSFUSION

PRESENTS A SMALL SAMPLE OF DEFIBRINATED WHOLE BLOOD FROM THE

PATIENT TO THE OFFICE ALONG WITH A REQUEST FORM (FIG. 9)_

BEARING THE DATE, NAME OF THE DOCTOR, SERVICE, WARD, PATIENT'S

\ 7° | |




NAME, CASE NUMBER, RACE, AND DIAGNOSIS, AND THE TIME THE
BLOOD IS DESIRED. |F FOR SOME REASON RELATIVELY FRESH BLOOD
I'S INDICATED, THE MAXIMUM AGE POSSIBLE 1S RECORDED ON THE
REQUEST FORM, THE TECHNICIAN, AFTER DETERMINING THE GROUP

OF THE BLOOD SAMPLE, MAKES A DIRECT MATCH WITH A SAMPLE

CINCINNATI GENERAL HOSPITAL
RED CROSS
BLOOD TRANSFUSION SERVICE
DATE
DR. SERVICE WARD
RECIPIENT GROUP NO.
DIAGNOSIS _ RACE
' DONOR GROUP
TIME BLOOD DESIRED
DIRECT MATCH
CGH - 141 - 12-38
Fics S

CARRIED ON THE SIDE OF A UNIT (500 CC.) OF BLOOD OF THE SAME
GROUP FROM THE REFRIGERATOR. |F BLOOD OF IDENTICAL GROUP IS
NOT AVAILABLE, GROUP O BANK BLOOD IS MATCHED AGAINST SAMPLES
OF GrRouP A oR B, AND GROUP A OR B BANK BLOOD |S MATCHED
AGAINST SAMPLES OF GROUP AB. THE ENTIRE LABORATORY PROCEDURE

REQUIRES TWENTY MINUTES AND IN CASES OF EXTREME EMERGENCY THE
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OF TRANSACTIONS (Fi1G. |l)s EACH HOSPITAL SERVICE, SUCH AS
MEDICINE, GENERAL SURGERY, GYNECOLOGY OR OBSTETRICS, 18
HELD RESPONSIBLE FOR A BALANCE OF ITS OWN DEBIT AND CREDIT
COLUMNS ON THIS RECORD. ON THE DAY FOLLOWING THE TRANS-

FUSION THE SECRETARY MAKES A FOLLOW=-UP CALL TO THE RESPON-

—

| serviee _ MONTHLY RECORD—CINCINNATI GENERAL HOSPITAL TRANSACTIONS SHEET No

...........
--------- anour | mace| uflsbe | onourf mace| RITESr PATIENT mace| mummen waRD DiAGNOBIS

TOTALS No. OF TRANSFUSIONS

Fra: 14

SIBLE PHYSICIAN AND RECORDS THE PRESENCE OR ABSENCE OF A
TRANSFUSION REACTION., THE TOTAL OF THE INFORMATION COMPILED
ON THE MONTHLY RECORD THEN BECOMES OF VALUE IN THE COMPILA=-
TION OF STATISTICS FOR FUTURE STUDY.

THE REPLACEMENT OF A UNIT OF BLOOD WHICH HAS BEEN

WI THDRAWN BECOMES THE OBLIGATION OF THE HOSPITAL SERVICE TO
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WHICH IT WAS ISSUED. IN THIS WAY AN OBLIGATION IS NOT CAN-
CELLED WHEN A PHYSICIAN WHO MAKES A WITHDRAWAL 1S TRANS-
FERRED TO ANOTHER SERVICE OR TERMINATES HIS RESIDENCY.
ACTUAL OPERATION FOR MORE THAN A YEAR HAS PROVED TWO IMPOR-
TANT FACTS., FIRST, THAT FRIENDS AND RELATIVES OF PATIENTS
AND CONVALESCENT PATIENTS l& WHOM THERE 1S NO MEDICAL CONTRA-
INDICATION AFFORD A MORE THAN ADEQUATE SOURCE OF BLOOD RE-
PLACEMENT. SECOND, THAT THE BANK WILL ABSORB WITHOUT EM-
’BARRASSMENT REASONABLE DELAY, SUCH AS TWO TO THREE DAYS, IN
REPLACING A UNIT.

THE PHYSICIAN PRESENTING HIMSELF WITH A DONOR FOR
REPLACEMENT IS EXPECTED TO QUALIFY THE DONOR WITH A CURSORY
MEDICAL HISTORY AND PHYSICAL EXAMINATION. AN ACCESSIBLE ARM
VEIN 18 REQUIRED, BECAUSE CUTTING DOWN ON A VEIN IS NOT PER-
MITTED., |F THESE CONDITIONS ARE SATISFIED, THE ARM OF THE
DONOR IS THEN DRAPED AND PREPARED FOR VENIPUNCTURE BY THE
TECHNICIAN WHILE THE PHYSICIAN SCRUBS. PRELIMINARY GROUPING
IS NOT MADE UNLESS" THERE IS AN OVER-STOCK OR SHORTAGE OF ONE
OF THE BLOOD GROUPS. THE TECHNICIAN THEN ASSISTS THE

PHYsICIAN (F1G., 5) OUTSIDE THE STERILE FIELD IN SUCH MATTERS

AS PROVIDING PROCAINE, SODIUM CITRATE FOR THE FLASK, OPERATION

OF THE TOURNIQUET, SUCTION TO THE COLLECTING SYSTEQ, AND IN
THE COLLECTION OF TEST TUBE SAMPLES OF BLOOD FOR FUTURE KAHN,
GROUPING AND MATCHING TESTS.

THE PHYSICIAN THEN ASSEMBLES THE DONOR SET, INJECTS

2% PROCAINE (NTO THE SKIN OVER THE VEIN, AND WITH THE AID OF
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THE TECHNICIAN ADDS 50 cc. ofF 2.5% sobium CITRATE SOLUTION TO
THE FLASK BY SUCTION THROUGH THE COLLECTING SYSTEM. 2.5%
SODIUM CITRATE SOLUTION IS USED IN PREFERENCE TO A HIGHER
CONCENTRATION IN SMALLER VOLUME IN ORDER TO OBTAIN BETTER DIS-
TRIBUTION OF THE SOLUTION THROUGHOUT THE BLOOD. VENIPUNCTURE
IS THEN MADE. THE RESULTING PERCENT OF soplum cITRATE (0.22)
IN THE TOTAL vOLUME (550 cc.) HAS PROVEN TO BE SUFFICIENT TO
PREVENT ANY COAGULATION IF THE FLASK 1S ALMOST CONSTANTLY
AGITATED BY GENTLE ROTATION IN ALTERNATE DIRECTIONS.

AFTER 500 cC. OF BLOOD HAS BEEN OBTAINED THE RUBBER
STOPPER AND CONTAINED GLASS BENDS ARE LIFTED FROM THE FLASK
BEFORE THE VENIPUNCTURE NEEDLE IS WITHDRAWN AND SAMPLES FOR
KAHN AND GROUPING AND MATCHING ARE COLLECTED IN THE TEST
TUBES. THE STERILE COVER WHICH CONSISTS OF A POWDER PAPER
AND TWO LAYERS OF CLOSE-MESH MUSLIN GAUZE, FILLED WITH A
LAYER OF COTTON SHEET WADDING, 1S THEN TIED FIRMLY OVER THE
NECK AND SIDES OF THE FLASK WITH GAUZE BANDAGE.

AT THE END OF THE OPERATION ENTRY IS MADE IN THE
CREDIT COLUMN OF THE MONTHLY RECORD OF TRANSACTIONS (FiG. 1)
FOR THE PROPER HOSPITAL SERVICE. THE NAME OF THE DONOR IS
ENTERED ON THE TAG FORM (F1G., 10) WHICH IS ATTACHED TO THE
FLASK'S NECK AND ON THE FORM ENTITLED "DONOR OF BANKED
BLOOD" (Fig. 12). THE LATTER FORM 1S FILED ALPHABETICALLY
ACCORDING TO THE NAME OF THE DONOR AND MAY BE USED IN CON-
JUNCTION WITH THE TAG FSRM IN RECALLING HIM FOR A FUTURE

TRANSFUSION IN A PROTRACTED CASE. THE TEST TUBE SAMPLE FOR
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FUTURE GROUPING AND MATCHING TESTS IS LABELLED AND PLACED IN
THE METAL CONTAINER ATTACHED TO THE SIDE OF THE FLASK. THE
SAMPLE FOR THE KAHN TEST IS LABELLED AND PLACED WITH OTHERS

FOR DETERMINATION ON THE FOLLOWING MORNING.

DONOR OF BANKED BLOOD. :'
NAME
ADDRESS
TEL.
] REMARKS:
GROUP RACE DATE

Fie. |2

THE UNIT OF BLOOD 1S THEN PLACED ON THE UNCLASSIFIED
SHELF OF THE REFRIGERATOR (F1G. 7) AND IS REMOVED TO THE CLASS-
'FIED SHELF FOR THE CORRESPOND{ING BLOOD GROUP AFTER THE BLOOD
GROUP HAS BEEN DETERMINED AND A NEGATIVE KAHN TEST HAS BEEN
PERFORMED.  IN THE EVENT THAT THE TEST IS POSITIVE, A WAsssﬁ-
MANN CORROBATORY TEST 1S MADE. |F BOTH TESTS ARE POSITIVE,
THE CREDIT g WI THORAWN BY DRAWING A RED INK LINE THROUGH THE
ENTRY ON THE MONTHLY RECORD. THE PHYSICIAN IS THEN NOTIFIED

OF MHe CANCELLATION, AND THE FOLLOWING FORM LETTER IS SENT TO
THE ponoR,
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‘ ~ WWE' ARE' SORRY TO. INFORM YOU THAT A TEST MADE UPON’
THE BLOOD WHICH YOU RECENTLY DONATED AT THE CINCINNATI
GENERAL HOSPITAL SHOWS THAT :YOU HAVE ‘AN: AILMENT WHICH SHOULD
BE CORRECTED.
...... : ‘-'-\ . C— - :,'“i;.“:\:‘."-"

WE ADVISE YOU TO CONSULT YOUR PHYSICIAN IMMEDIATELY
IN ORDER THAT HE MAY BEGIN TREATMENT. HE 1S PRIVILEGED TO
ASCERTAIN THE NATURE OF THE ILLNESS 'TO WHICH WE REFER AND MAY
B0 s0 BY: CALLING' ‘UNIVERSITY 1523 BETWEEN THE HOURS OF 9:00 -
A.M. AND 5:00 P:M. ON: WEEK DAYS, ‘OR_FROM 9: OO A... TO I2 00
NOON ON SATURDAY: o -

SINCERELY,
Vol SiaeTe L oW
:% ¢ -1, :DIRECTOR?OF BLOOD TRANSFUSION SERVICE"

L .. . .
e Sy ! e
FER V. i PRE
[ SRR poon s
N i

ONCE EACH MONTH THE NAMES AND ADDRESSES OF ALL PER—

SONS TO WHOM THIS LETTER HAS BEEN SENT ARE SUBMITTED TO THE

AR T

SOCIAL Hvelsus COUNCIL or THE PUBLIC HEALTH FEDERATION FOR

FOLLOw-up PROCEEDINGS. DURING THE PAST YEAR OVER .300 PER-

! .:‘1 r, "

SONS HAVING SYPHILIS WITH NO PREVIOUS KNOWLEDGE OF THE

IR
l..T‘ R

DISEASE HAVE . BEEN APPREHENDED AND DIRECTED TO CLINICS OR PHYSI-
CIANS FOR TREATMENT.! 'THE. VALUE.OF.THIS PROGRAM AS A COLLAT-

ERAL ADVANTAGE TO. THE:COMMUNITY IN THE:OPERATION OF .THE BLOOD

S . . - [
N HE . [N RN

BANK 1S oBvIOUS, .«

IN ADDlTION TO THE PERFORMANCE OF LABORATORY TESTS

reo NEY IR

AND ASSISTANCE TO THE " PHYSICIAN IN DRAWING BLOOD, THE TECH-
NICIANS ARE REQUIRED TO MAINTAIN PROPER EQUIPMENT AND TIDINESS
IN THE DONOR BOOTHS,,TO MAKE ENTRIES ON PRINTED FORMS IN THE

ABSENCE or THE SECRETARY, AND TO MECHANICALLY CLEANSE, ASSEMBLE,
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AND WRAP DONOR SETS PREPARATORY TO STEAM STERILIZATION., RIGID

ADHERENCE

CONTAINED

. FLASK
(a)

(8)
(c)

(o)

TO THE FOLLOWING PROCEDURE FOR PREPARATION OF ITEMS

IN THE DONOR SETS IS MAINTAINED:

SCRUB WITH BRUSH AND TAP WATER. USE HYDROGEN PEROX=
1oe (Two OUNCES) IF NECESSARY. (NO OTHER CHEMICALS
OR SOAP ARE TO BE USED) BRUSHES USED ARE NEVER TO
CONTACT SOAP OR BE USED FOR ANY OTHER PURPOSE.

IRRIGATE WITH TAP WATER OVER INVERTED HYDRANT FOR
THREE MINUTES BY THE CLOCK,.

INSPECT CLOSELY FOR VISIBLE CONTAMINANTS. REPEAT
(B) IF CONTAMINANTS ARE PRESENT., AVOID HANDLING
MOUTH OF FLASK FROM THIS STEP ON.

RINSE INSIDE OF FLASK THOROUGHLY WITH 270 cC. OF
DISTILLED WATER AND INVERT FLASK IN DRYING OVEN.

2. RUBBER TUBING

(a)

(8)
(c)

(o)
(e)
(F)

ALL NEW RUBBER TUBING INTRODUCED INTO A SET MUST BE
BOILED FOR |5 MINUTES IN 5 PERCENT SODIUM HYDROXIDE
SOLUTION,

ATTACH TUBES TO MECHANICAL IRRIGATOR FOR FIVE
MINUTES. REPEAT IF VISIBLE CONTAMINANTS ARE PRESENT,

BOoIL FOR |5 MINUTES IN O.| PERCENT SODIUM HYDROXIDE
SOLUTION,

IRRIGATE WITH TAP WATER FOR TWO MINUTES.
BOIL F OR FIVE MINUTES IN DISTILLED WATER.

SHAKE WELL AND PLACE ON TOP SHELF IN OVEN TO DRY.

3. RUBBER STOPPERS

(a)

(8)
(c)
“(p)

ALL NEW STOPPERS INTRODUCED INTO SETS MUST BE BOILED
FOR FIFTEEN MINUTES IN 5 PERCENT SODIUM HYDROXIDE
SOLUTION, '

RINSE THOROUGHLY IN TAP WATER. )

same as 2 (c).

Same As 2 (o).
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(E) BOIL FOR FIVE MINUTES IN DISTILLED WATER, CONNECT
TO RIGHT-ANGLED GLASS TUBES AND PLACE IN OVEN TO
DRY.

-

4. GLASS TUEING ,
(A) ATTACH TO MECHANICAL IRRIGATOR FOR FIVE MINUTES
IMMEDIATELY AFTER USE.
(8) HOLD UP TO LIGHT.AND INSPECT CAREFULLY FOR VISIBLE
CONTAMINANTS. REPEAT STEP (A) AND IRRIGATE WITH
HYDROGEN PEROXIDE |F CONTAMINANTS ARE PRESENT.

(C) BOIL IN DISTILLED WATER FOR FIVE MINUTES, AND LAY
ON CLEAN TOWEL TO DRY.

5. NEEDLES AND METAL ADAPTORS
(A) SCrRUB WITH HYDROGEN PEROX!DE.

(B) IRRIGATE WITH TAP WATER.
(c) RepeaT (B) IF CONTAMINANTS ARE PRESENT.
(D) IRRIGATE WITH DISTILLED WATER.

(E) IRRIGATE WITH TWO CC. OF ETHER.

THE LAUNDERING, STEAM STERILIZATION, AND KAHN AND WASSERMANN
TESTS ARE THE ONLY OPERATIONS PERFORMED OUTSIDE THE CENTRAL |
QUARTERS.,

IT Is THE DUTY OF THE TECHNICIAN TO REPORT ANY
VIOLATION OF STERILE TECHNIQUE MADE IN THE DRAWING OF BLOOD
TO THE DIRECTOR OR ASSISTANT DIRECTOR OF THE SERVICE. THE
BLOOD UNIT CONCERNED 1S DISCARDED AND THE CREDIT IS WITH=
ORAWN IF A STERILE CULTURE IS NOT OBTAINED,

EACH DAY AN INVENTORY (Fi1G. 13) OF THE UNITS OF
BLOOD OF EACH GROUP IN THE BANK IS RECORDED AND FILED. THIS
'NFORMATION Is OF VALUE IN DETERMINING AND ANTICIPATING AN

OVE
RSTOCK OR A SHORTAGE OF ANY PARTICULAR BLOOD GROUP IN THE
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BANK, IF AN IMBALANCE OCCURS, SELECTIVE INSTEAD OF RANDOM
DRAWING OF BLOOD IS EXERCISED UNTIL IT IS CORRECTED. THIS
Is DONE BY DETERMINING THE GROUP OF EACH PROSPECTIVE DONOR
BEFORE DRAWING BLOOD, REJECTING THOSE OF THE GROUP IN WHICH
THERE 1S AN OVERSTOCK, AND SELECTING THOSE OF THE GROUP IN

WHICH THERE 1S A SHORTAGE. FORTUNATELY THE VOLUME OF TRANS-

American Red Cross
CINCINNATI AND HAMILTON COUNTY CHAPTER

BLOOD TRANSFUSION SERVICE

INVENTORY Date
| WHITE C O LIORED
‘ (International) 1 1
: Group Amount (500 cc. units) : mg::::“ ) Amount (500 cc. units)
—
)
AB AB
by A
1
B B |
> o
Fre. 13

FUSIONS GIVEN BY THE SERVICE, AN AVERAGE OF EIGHT EACH DAY,

IS LARGE ENOUGH TO PERMIT EFFICIENT OPERATION MOST OF THE

TIME WITHOUT RESORTING TO SELECTIVE DRAWING. |T IS OUR
OPINION THAT A BLOOD BANK WOULD NOT BE PRACTICABLE FOR A
HOSPITAL AVERAGING LESS THAN FIVE TRANSFUSIONS EACH DAY. To
MAINTAIN AN INVENTORY OF 50 UNITS OF BLOOD, WHICH IS THE LEAST

P
OSSIBLE IN ORDER TO SECURE A SUPPLY OF THE RARER BLOOD GROUPS,
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THE AVERAGE AGE OF BLOOD ISSUED ON A SERVICE REQUIRING FIVE
TRANSFUSIONS A DAY WOULD BE TEN DAYS. THE FLUCTUATIONS IN
THE'INVENTORY RESULTING FROM ORDINARY DELAYS IN REPLACEMENT
ON A SERVICE DOING LESS IN VOLUME OF TRANSACTIONS WOULD RE-
SULT IN PERIODS OF SHORTAGE OF THE RARER GROUPS AND OVER-
STOCKING OF THE COMMONER GROUPS, OR VICE VERSA. AN OVERSTOCK
WOULD REQUIRE THE WASTE OF MANY BLOODS DUE TO AGE.
' BECAUSE IT 1S NECESSARY TO OPEN THE FLASKS IN ORDER
TO OBTAIN SPECIMENS, WHICH INCREASES THE OPPORTUNITIES FOR
CONTAMINATION, NO EFFORT 1S MADE TO TEST UNITS OF BANK BLOOD
FOR STERILITY.
THE BLOOD IN THE BANK IS MAINTAINED coggzﬁNTLv AT
A TEMPERATURE OF FroM 20 To 49 C. FLUCTUATIONS IN THE TEMPER-
ATURE OF THE AIR INSIDE THE REFRIGERATOR CAUSED BY THE
NECESSARY OPENING AND CLOSING OF THE DOORS 1S NEVER MORE THAN
TWO DEGREES C. AS SHOWN ON RECORDING THERMOMETER CHARTS
(Fla. 14a). RECORDINGS OF THE TEMPERATURE OF THE BLOOD 1T-
SELF SHOW NO VARIATION UNDER THE SAME CONDITIONS (Fila. 148).
THE SEPARATION OF WHITE AND COLORED BLOOD IN THE
BANK HAS BEEN A CONSTANT PRACTICE FOR'REASONS OTHER THAN
SCIENTIFIC ONES. AS IS TRUE IN OTHER PHASES OF THE PRACTICE
OF MEDICINE, SOCIETY IS NOT YET WILLING TO ACCEPT WHAT MEDICINE
ALREADY KNOWs. As FAR AS IS KNOWN, NO IMMEDIATE OR ULTIMATE
UNDESIRABLE EFFECTS ACCOMPANY THE TRANSFUSION OF BLOOD FROM A

PERSON WITH SKIN OF ONE COLOR TO A PERSON WITH SKIN OF ANOTHER.
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IS IMPOSSIBLE TO CONTROL THE TECHNIQUE UNDER WHICH BLOOD 1S
DRAWN UNLESS IT 1S DONE AT CENTRAL HEADQUARTERS. THE OB-
"JECTION TO THE SECOND METHOD OF REPLACEMENT 1S THAT THE
SERVICE DOES NOT MAINTAIN A RESIDENT PHYSICIAN TO DRAW BLOOD.
THE ONLY METHOD OF DOING THIS WOULD BE TO EXPLOIT THE RESI-
DENT HOUSE STAFF AT THE CINCINNATI GENERAL HOSPITAL. ANOTHER
OBJECTION TO THE EXTENSION OF THE BLOOD BANK SERVICE TO OTHER
HOSPITALS 1S THAT THE SERVICE 1S NOT ANXIQUS TO USURP THE
FUNCTIONS PROPERLY BELONGING TO A HOSPITAL, RELATIVE EITHER
TO THE NORMALLY OPERATING HOSPITAL PROCEDURE PRIOR TO TRANS-
FUSION OR TO THE ACTUAL TRANSFUSION OF BLOOD. |INSTEAD, IT IS
ITS DESIRE TO SUPPLEMENT THESE FUNCTIONS WITH A SERVICE WHICH
WILL MAKE COMPATIBLE AND SUITABLE ELOOD QUICKLY AVAILABLE
WHENEVER NEEDED.,

IT 1S THE EXPERIENCE OF ANY HOSPITAL THAT IN THE
MAJORITY OF INSTANCES WHERE BLOOD TRANSFUSION 1S DESIRED THE
PROPER DONOR MAY BE FOUND AMONG FRIENDS AND RELATIVES OF THE
PATIENT WITHOUT UNDUE DELAY. THE VOLUNTEER DONOR BUREAU WAS
ORGANIZED AS A SECOND DIVISION OF THE RED CROss BLOOD TRANS-
FUSION SERVICE TO SERVE ALL HOSPITALS IN HAMILTON COUNTY IN
INSTANCES WHERE FRIENDS OR RELATIVES OF THE PATIENT CANNOT
BE LOCATED OR ARE NOT OF THE COMPATIBLE BLOOD GROUP OR WHEN
AN EMERGENCY EXISTS WHICH DOES NOT PERMIT OF WAITING FOR
LABORATORY SEARCH.

FOR THIS PURPOSE THE SERVICE MAINTAINS A LIST OF

CERTIFIED BLOOD DONORS WHICH 1S AVAILABLE BY TELEPHONE CALL
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DAY OR NIGHT. THE MEMBERSHIP OF THIS LIST WAS ORIGINALLY
ACQUIRED THROUGH NEWSPAPER PUBLICITY. |TS MEMBERS ARE GIVEN
A THOROUGH PHYSICAL EXAMINATION (Fies. |5A, I6B). IN
ADDITION, THEY ARE QUALIFIED EACH SIX MONTHS FROM THE STAND=
POINTS OF AGE, GOOD GENERAL HEALTH, NEGATIVE KAHN TEST, AB-
SENCE OF PRIMARY OR SECONDARY LESIONS OF SYPHILIS, ACCESSIBLE
ARM VEINS AND NORMAL BLOOD HEMOGLOBIN CONTENT. PERIODIC
EXAMINATIONS ARE PERFORMED BY VOLUNTEER PHYSICIANS FROM THE
RESIDENT STAFF OF THE CINCINNATI GENERAL HOSPITAL. EACH
DONOR HAS EXPRESSED HIS WILLINGNESS TO RESPOND AT ONCE TO
A SERVICE CALL WHETHER IT BE FOR AN INDIGENT PATIENT OR FOR
ONE WHO 18 ABLE TO PAY FOR THE BLOOD.

EACH MEMBER OF THE LIST, WHEN PROPERLY QUALIFIED,
IS 1ssUED A BLOOD DONOR's IDENTIFICATION Book (Fia. 18),
WHICH 1S HIS CERTIFICATE OF REGISTRATION WITH THE SERVICE.
THIS BOOK CONTAINS THE SIGNATURE OF THE DONOR, THE DATE OF
REGISTRATION AND HIS REGISTRATION NUMBER. IN ADDITION IT
CONTAINS A DESCRIPTION OF THE DONOR, HIS BLOOD CLASSIFICATION,
A RECORD OF THE TRANSFUSIONS GIVEN THROUGH THE SERVICE, AND
A RECORD OF HIS PERIODIC PHYSICAL AND LABORATORY EXAMINATIONS.
THE SERVICE MAINTAINS A CARD INDEX IN WHICH EACH DONOR I8
CLASSIFIED ACCORDING TO BLOOD GROUP AND DISTRICT IN WHICH
HE LIVES, THE CARD CONTAINS ON THE FRONT (F1G. 17) INFOR-
MATION NECESSARY FOR QUICK COMMUNICATION WITH THE DONOR. ON
THE Back (Fi1G. 18) OF THE CARD IS A DUPLICATE RECORD OF THE

RESULTS OF THE PERIODIC LABORATORY AND PHYSICAL EXAMINATIONS
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AND OF THE TRANSFUSIONS GIVEN THROUGH THE SERVICE.

Physical Examination Record
Volunteer Blood Donor
Cineinnati & Hamilton County Chapter
American Red Cross
No.

Neme Age ___ Sex Color ___ Weight Height

Address Oceupa ti on
Tempe ra ture Pulse Blood Pressure- Systolic Diastolic
General appearance Condition of Veins

—_— ———
(State whother healthy, robust, sickly, thin, anemic, ete.)

8kin Mucus
(1s skin clear - if not, describe condition)

History of previous illness, Allergy (hay fever, autumnel, vemal, non seasonal,
asthma, others) Epilepsy, alcoholism, drug addietion, hyperthyroidism, cancer,
diabetes, nephritis, anemia, heart disease, others. Acute infectious diseases.

(underscore - state when illness occurred - is recovery complete )

Byes, ears, nose, throat, teeth, thyroid

Tis there evidence of disease - if so,
describe)

Heart & Vascular System

Lungs

(x-ray if indicated)

Abd amen

Spine - Extremities

Genitals

Mental & Nervous Diseases (Fainting or nervous reactions)

Reflexes

Is there evidence of any disease

Do you recommend applicant as a safe donor

DATED

Physician

Fic. |DA

WITH THE PERMISSION OF THE ACADEMY OF MEDICINE

OF p
C'NCINNATI EACH OF ITS MEMBERS AND RESIDENT PHYSICIANS
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OF ALL HOSPITALS IN CINCINNATI WERE ACQUAINTED Wi TH THE OPER~-

Infectious Diseases

ateosious Uiseases®
Date
No. Last

Check Attacks Attack Remarks

1.| Anterior Poliomyelitis

2.| Chicken-pox
3.| Chaneroid

4.| Diphtheria

5.| Dysentery
Type
6.| Erysipelas

7.| German Measles
8.| Gonorrhea

9.| Herpes Zoster

10.| Malaria
11,| Meningitis
Type
12,| Mumps

13.| Measles

14.| Paratyphoid Fever

Type

15.| Pneumonia

Type

16.| Scarlet Fever

17.| Septic Sore Throat

18.| Small Pox

19.| Stephylococcus Infections
Kind

20.| Streptococcus Infections
Kind

21.| Syphilis
22,| Tuberculosis
of what

Other

e

Fie, |58B

ATION OF THE SERVICE BY MEANS OF A DESCRIPTIVE PAMPHLET., BY

TELEPHONE ANY TIME DAY OR NIGHT THE PHYSICIAN MAY SECURE WITHIN
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BLOOD DONOR’S
IDENTIFICATION BOOK

BLOOD TRANSFUSION SERVICE
THE AMERICAN RED CROSS

Cincinnati and Hamilton County Chapter

Fie. |6
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CINCINNATI & HAMILTON COUNTY CHAPTER IV Moss } GroUP O Inter-

AMERICAN RED CROSS I Jansky national
N o e S e A A i o ST T s
Date Bl NS e S e et S e
Age Home AdArean ... i i s i K st et I et L i Al
(Street Number) (Post Office)

Sex Buslness AdArens.. ... i asion it s e v IRl P
Race Home Telephone ... i niiaine Business Phone,, .0 o5

Occ. Neighbor or employer or friend who can convey message
N G e, Addrens. (ol eI Phone . sl
ARG e R Address ) nirdi st s Phone & o

N B o sl Adddress;, ..o et it Phone
Times available: DY i e Byshings; o o e Nights, o ittt
SaturdRyaiiic.. iimiimmmnernpdomiitnvs Sundays,.amianninifiissve

Fire. |7
IV Moss Inter-
ROUP
1 Jansky } o O national
EXAMINATIONS
Date |Haemoglobin % | Luetic Test Skin & MM Genitalia General Examiner
TRANSFUSIONS
Date Where Done By Whom Amount Taken Remarks

Fic. |8
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AN HOUR A VOLUNTEER DONOR OF ANY BLOOD GROUP. THE SECRETARY
OR TECHNICIAN, UPON RECEIVING THE CALL, ENTERS THE INFOR~-
MATION REQUIRED BY ITEMS | THROUGH 7 ON THE FORM ENTITLED
"MEMORANDUM OF SERVICE DeTatLs" (Fra. |9). THE CARD INDEX
FILE OF CERTIFIED DONORS 1S THEN CONSULTED AND A DONOR.IS
SELECTED WITH CONSIDERATION FOR THE FOLLOWING POINTS. I NSO~
FAR AS POSSIBLE THE DONORS ARE USED IN ROTATION, IN ORDER
THAT NO ONE BE ASKED TO SERVE OFTENER THAN ONCE EACH SIX
WEEKS AND NOT TO EXCEED FOUR TIMES EACH YEAR AND ALSO THAT
INTEREST

EACH DONOR 1S USED OFTEN ENOUGH THAT HE RETAINS HIS

IN THE SERVICE., |F THE BLOOD IS NEEDED FOR EMERGENCY USE,
| F THE

TRANSFUSION CAN BE SCHEDULED TO MEET THE CONVENIENCE OF THE

A DONOR IS CALLED WHO LIVES CLOSE TO THE HOSPITAL.

DONOR, HE IS SELECTED FROM AN OUTLYING DISTRICT. SINCE ALL

DONOR SERVICES ARE CLASSIFIED AS TO A "FULL pPAY," ﬂPARt'
PAY," OR INDIGENT PATIENT, AN ATTEMPT 1S MADE ALSO TO DIS-
TRIBUTE THE "PAY TRANSFUSIONS" THROUGHOUT THE LIST. ONCE

THE DONOR 1S SELECTED, HE 1S NOTIFIED AND HIS NAME AND TIME

. OF NOTIFICIATION ARE ENTERED UNDER | TEM 8.(F|G. 19). A
FOLLOW-UP CALL TO THE PHYSICIAN FROM WHOM THE REQUEST WAS RE-
CEIVED IS MADE BY THE SECRETARY ON THE NEXT DAY AND THE.R£~
SULT IS ENTERED UNDER ITEM 9. AT THIS TIME THE TRANSFUSION
IS CREDITED TO THE DONOR ON THE BACK OF HIS CARD IN THE

INDEX FILE.

EXPERIENCE SHOWS THAT TO MAINTAIN A SATISFACTORY

LIST OF DONORS IT 1S NECESSARY TO GIVE THEM EVERY CONSIDER-
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ATION TO WHICH THEY ARE ENTITLED. FOR THIS REASON THE HOS-

PITAL STAFFS HAVE BEEN CHARGED THAT THE DONOR SHOULD BE

COURTEOUSLY RECEIVED WHEN HE ARRIVES AT THE HOSPITAL, THAT

THE BLOOD SHOULD BE DRAWN AS PROMPTLY AS POSSIBLE, AND THAT

HE SHOULD BE DISMISSED WITH AN EXPRESSION OF APPRECIATION BY

THE ATTENDING PHYSICIAN OR NURSE. THEY HAVE ALSO BEEN

'

ASKED NOT TO CALL FOR A DONOR UNLESS IT IS REASONABLY CERTAIN

THAT HE 1S TO BE USED. AFTER EACH TRANSFUSION THE DONOR RE-

CEIVES A LETTER OF APPRECIATION FROM SERVICE HEADQUARTERS.

WHEN A CALL 1S RECEIVED FOR A DONOR THE PERSON

MAKING THE CALL 1S ASKED IF THE PATIENT 1S INDIGENT, UFULL

PAY," OR "PART PAY." |F THE PATIENT IS INDIGENT, NO BILL 1S

SENT. |F HE IS CLASSIFIED AS "FULL PAY," THE BLOOD TRANS=-

FUSION SERVICE SENDS A BILL AT THE RATE oF $50 PER 500 cc.

OF BLOOD. A "PART PAY" PATIENT IS ONE WHO 1S ABLE TO PAY

SOMETHING FOR THE BLOOD GIVEN, BUT WHO CANNOT AFFORD TO PAY

THE FULL RATE OF $50 per 500 ccC. IN THIS CASE THE AMOUNT OF

THE PAYMENT IS TO BE DETERMINED BY THE PATIENT OR HIS RELA-

TIVES. ALL STATEMENTS ARE SENT TO THE ACCOUNTING DEPARTMENT

OF THE HOSPITAL FOR SUBMISSION TO THE PATIENT. IT 18 UNQER—

STOOD THAT THE HOSPITAL IS NOT RESPONSIBLE FOR THE COLLECTION

OF THE MONEY, ITS ONLY FUNCTION BEING THE SUBMISSION OF THE

BILL., THE HOSPITAL, HOWEVER, IS RESPONSIBLE FOR THE PAYMENT

OF TRANSPORTATION OF A DONOR TO AN INDIGENT PATIENT. PAYMENT

FOR ALL BLOOD GIVEN 1S MADE BY THE PATIENT TO SERVICE HEAD-

QUARTERS AND THE SW 1S DISTRIBUTED AT THE RATE OF 80 PERCENT
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TO THE DONOR AND 20 PERCENT TO THE SERVICE. ENTRY OF

FINANCIAL DETAILS 1S THEN MADE THROUGH ITEMS 17 170 18-C

[}
(Fie. 19).
THE INDIVIDUAL "MEMORANDUM OF Service DETAalLsS!

FORM IS KEPT ON EACH TRANSACTION, WHETHER IT BE OF BANK

BLOOD OR VOLUNTEER DONOR SERVICE. ALL ITEMS FROM DETAIL

NuMBer | TO |8 ARE THEN ENTERED ON A SINGLE LINE OF A

LARGE LEDGER SHEET (Fi1Gg. 20) FOR THE PURPOSE OF OBTAINING

A COMPOSITE RECORD OF TRANSACTIONS FROM WHICH MONTHLY AND:

ANNUAL TOTALS MAY BE COMPILED.

SEVERAL REASONS WHY THE BLOOD BANK SERVICE couLD
NOT BE EXTENDED TO HOSPITALS OTHER THAN THE CINCINNATI
GENERAL WERE STATED ABOVE. THESE OBJECTIONS WOULD ARISE

ONLY IF THE SENDING OF UNITS OF BANKED'BLOOD IN RESPONSE TO

REQUESTS FOR BLOOD TRANSFUSION SERVICE WERE INDISCRIMINATE.

IF, HOWEVER, IN ANY INSTANCE OF EMERGENCY THE CIRCUMSTANCES

ARE SUCH THAT THE VOLUMTEER DONOR LIST SERVICE 1S NOT EN-

TIRELY ADEQUATE, BANK BLOOD IS SENT BY TAX1CAB. SUCH CON=-

DITIONS ARE ENCOUNTERED ONLY VERY OCCASIONALLY, AND THE RE-

SPONSIBILITY FOR THE REPLACEMENT OF THESE UNITS IN THE QANK
IS ONE THAT IS READILY AND WILLINGLY MET BY THE MEMBERS OF

THE RESIDENT STAFF OF THE CINCINNATI GENERAL HospITAL.
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THREE THOUSAND TRANSFUSIONS OF BANK BLOOD

A STATISTICAL ANALYSIS

'AN IMPORTANT METHOD OF APPROACH TO THE STUDY OF THE

18" AN’ ANALYSIS OF THE RESULTS OF

VALUE OF PRESERVED BLOOD
TRANSFUSION OF SUCH BLOOD. \JUST AS. SOME" QUESTIONS WHICH

[

ARISE AS TO THE LIMITATIONS OF BANK BLOOD ARE ANSWERED BY IN-

QUIRY INTO THE CHANGES WHICH OCCUR IN VARIOUS COMPONENTS OF

BLOOD WHEN PRESERVED,nOTHER EQUALLY IMPORTANT QUESTIONS, SUCH

AS THE EFFECT OF AGE OF BLOOD UPON THE INCIDENCE AND TYPE OF
3

TRANSFUSION REACTIONS, ‘CAN ONLY BE ANSWERED BY ACCURATE RE=-

CORDING OF THE RESULTS OBTAINED FROM A LONG SERIES OF TRANS-

FUSIONS OF BANK BLOOD.: .IT ‘1S FROM THI'S STANDPOINT PRIMARILY

THAT .A STATISTICAL ‘ANALYSIS OF 3077 CONSECUTIVE -TRANSFUSIONS

OF.BANK.BLOOD .AT -.-THE CINCINNAT! ‘GENERAL "HOSPITAL " eecomss OF

INTEREST. : NUMEROUS COLLATERAL POINTS OF INTEREST WHICH 'PER-

TAIN.TO: THE .PRACTICAL OPERATION ‘OF THE .SERVICE.ARE ALSO "

REVEALED BY THIS.STUDY. THESE ARE.OF VALUE TO ANYONE PLAN-

NING A .SIMILAR ORGANIZATION AND ‘ARE COMMENTED:UPON’'AS THEY

ARE ‘PRESENTED.
A DETAILED DESCRIPTION OF THE ADMINISTRATION, HEAD=-

QUARTERS "AND’ EQUIPMENT, AND METHOD OF OPERATION OF THE BLOOD

TRANSFUSION SERVICE PRESENTED IN PRECEDING PAGES FORETELLS

THE METHOD BY WHICH DATA WERE ACCUMULATED., THE STATISTICS

PRESENTED ARE OBTAINED. FROM ACCURATE RECORDS COMPILED AT THE

TIME OF- TRANSACTION,“FROM FOLLOW-UP CALLS AND - FROM CAREFUL
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LABORATORY AND'CASE ANALYSES WHEN

Lot

INDICATED.,

DaTA . -
TasLE XXI
DONORS TO BLOOD BANK
g (JaN. |, 1939 To Fes. 23,. 1940) -

'l “GrouP WHITE (64.2%) CoLoRep (35.8%) BOTH RACES
NO. PERCENT NO. PERCENT NO. PERCENT

AB - 82 2.3 47 3.8 99 2.9

A 925 4.3 368 29.5 1293 37.1

N . 184 8.2 - 262 21.0" 446 |2.8

0] 1079 46.2 570 45.7 1649 47.2

TNTOTAL‘224O 100, 1247 100. 3487 - 100. .

COMMENT

OF 3487 DONORS WHO GAVE BLOOD TO THE BANK lN THE

IPERIOD FROM JANUARY I, 1939 TO FEBRUARY 23 1940 64._ PER-

CENT WERE WHITE AND 35 8 PERCENT WERE COLORED. THE PER—

CENTAGE oF OCCURRENCE OF EACH OF THE FOUR BLOOD GROUPS AMONG
INCIDENCE OF GROUPS AB AND B

THE DONORS IS GIVEN., A HIGHER

IN ' THE COEORED

AND LQWERalNCIDENCE OF. GROUP: A, WERE PRESENT .
ooNoRé. THIS CONCURS WITH NUMEROUS ANTHROPOLOGICAL osssn-
VATIONs.sl L . ‘»¢’ ”*fll' X ,?
%
‘ TasLE XXI|
lNClDENCE OF SYPHILIS AMONG DONORS |
: POSITIVE KAHN TESTS '
-.No; oF DonoRs : NO..PERCENT
WHITE — 2240 58 2.6
COLORED 1247 . 203 16.2
.. TOTAL - B48T - - 2Bl TeB
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COMMENT
ALL PROSPECTIVE DONORS GIVING A HISTORY OF SYPHILIS
WERE REJECTED. DESPITE THIS PRACTICE, 7.5 PERCENT OF THE
BLOOD DRAWN COULD NOT BE USED FOR TRANSFUSION BECAUSE OF
POSITIVE KAHN TESTS. |IN THE WHITE DONOR SERIES THE INCIDENCE
OF POSITIVE TESTS FOR SYPHILIS WAS 2.6 PERCENT AS COMPARED

TOo |8.2 PERCENT IN THE GROUP OF COLORED DONORS.

THE LOSS DUE TO SYPHILIS COULD BE ELIMINATED BY

MAKING TESTS BEFORE DRAWING BLOOD FOR TRANSFUSION. HOWEVER,

'IF THESE TESTS WERE MADE THROUGH REGULARLY SCHEDULED MORNING

LABORATORY PROCEDURE, PROSPECTIVE DONORS WOULD HAVE TO RETURN

ON THE FOLLOWING DAY. EXPERIENCE BEFORE THE ADVENT OF THE

BLOOD BANK SHOWS THAT MANY FAIL TO RETURN. |F RAPID TESTS

WERE MADE PRELIMINARY TO EACH DRAWING, ADDITIONAL EXPENSE FOR

TECHNICAL ASSISTANCE WOULD BE NECESSARY.

TABLE XX
NUMBER oF DoNORs USED AND . TRANSFUSIONS GIVEN
No. PERCENT
DONORS 3487 100.0
TRANSFUSIONS 3077 88.2
UNITs DISCARDED 410 11.8
D
U
E
T
o]
SYPHILIS 261 7.53
AGE . 95 2.72
CLOTTING 51 1.46
BREAKAGE 3 0.09
410 1.8
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COMMENT
OF THE 3487 UNITS OF BLOOD DRAWN, 3077 OR 88.2

PERCENT WERE GIVEN IN TRANSFUSION. FOUR HUNDRED TEN UNITS

AND HALF-UNITS WERE DISCARDED; ALL BUT |49 OF THESE WERE

DUE TO POSITIVE TESTS FOR SYPHILIS. NINETY-FIVE UNITS AND

HALF—UNITS WERE LOST BECAUSE THE TIME LIMIT OF TWENTY-ONE

DAYS HAD EXPIRED BEFORE THEY COULD BE USED. MOST OF THIS

LOSS OCCURRED DURING THE EARLY OPERATION OF THE BANK AND
WAS THE RESULT OF ACCUMULATION OF HALF=UNITS NOT DESIRED
AND OF THE RARER GROUPS AB AND B WHEN ENCOUNTERED IN
FAMILIES OF DONORS., ANTICIPATION OF OVER-STOCKING OF THIS
.KIND IMPROVED AS OPERATION OF THE BANK PROGRESSED AND THIS

LOSS WAS REDUCED IN THE LATER MONTHS OF OPERATION BY CAREFUL

SELECTIVE DRAWING (CF. P. 80). THE WASTE OF THE REMAINING

FIFTY=-FOUR UNITS RESULTED FROM CLOTTLNG BECAUSE OF INSUFFIC-

IENT AGITATION OR DIFFICULTY WITH VEINS DURING THE DRAWING

AND FROM BREAKAGE. THERE WAS NO LOSS DUE TO BACTERIAL CON-

MUCH OF THE BLOOD DISCARDED BECAME USEFUL I[N

VARIOUS EXPERIMENTAL LABORATORIES.95

TAMINATION.
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TasLE XXV
TRANSFUSIONS GIVEN ACCORDING TO HOSPITAL SERVICE
SERVICE NO. PERCENT
SURGERY 1265 41.11
MEDICINE 589 19.14
GYNECOLOGY ’ 435 14.13
PEDIATRICS a27 7.37
UrROLOGY 180 4.87
OBSTETRICS 131 4,25
CONTAGIOUS DISEASES 94 3.05
DERMATOLOGY 88 2.79
OTOLARYNGOLOGY 62 2.0l
ORTHOPEDICS 24 .78
OPHTHALMOLOGY 7 22
PSYCHIATRY 7 .22
ToTAL 3077 . 100.
COMMENT

THE AMOUNT OF BLOOD GIVEN ON EACH HOSPITAL SERVICE

IN RELATION TO THE TOTAL 1S ABOUT WHAT WOULD BE EXPECTED IN A

GENERAL HOSPITAL. KNOWLEDGE OF THE EXACT RELATIONSHIP BECOMES

OF VALUE IN ACTUAL OPERATION IN PRORATING BANK DEBITS OVER THE

VARIOUS SERVICES (CF. P. 73). ACTUALLY THE NUMBER OF TRANS-

FUSIONS GIVEN ON THE PEDIATRIC SERVICE IS MUCH HIGHER THAN

STATED. THE FIGURE EXPRESSED REPRESENTS THE NUMBER OF UNITS

OR HALF-=UNITS I1SSUED FROM THE BANK AND DOES NOT TAKE INTO

ACCOUNT THE FRACTIONAL TRANSFUSION OF SOME UNITS, WHICH PRAC-

TICE IS MOST COMMON THE THE PEDIATRIC SERVICE.*

*IN THIS REPORT THE NUMBER OF TRANSFUSIONS OORRESPONDS TO THE
NUMBER OF UNITS AND HALF-UNITS OF BLOOD |SSUED FROM THE BLOOD
BANK. ACTUALLY THE NUMBER OF TRANSFUSIONS WAS LARGER BECAUSE
SOME OF THESE WERE DIVIDED AND GIVEN AS MULTIPLE TRANSFUSIONS,

)
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TABLE XXV

TRANSFUSIONS FROM BLOOD BANK
(JaN. |, 1939 To Fes. 23, 1940)

.| Group WHITE (68.9%)CoLoreD (31.1%) BOoTH RACES

No. PERCENT NO. PERCENT No. PERCENT
AB 4| 2.0 23 2.4 64 2.1
A 915 43,1 274 28.7 1189 38.6
B 162 7.6 |77 18.5 339 11.0
0 1003 47.3 482 50. 4 1485 48. 3
" ToraL 2121 100. 956 100. 3077 100,
COMMENT

THREE THOUSAND SEVENTY=-SEVEN UNITS AND HALF=UNITS
OF BLOOD WERE ISSUED FROM THE BANK AND GIVEN IN TRANSFUSION.
THE DISTRIBUTION OF THESE UNITS AND HALF-UNITS ACCORDING TO

RACE AND TO THE FOUR BLOOD GROUPS IS RECORDED HERE,

TaBLE XXVI

TRANSFUSIONS OF UNLIKE GROUPS

GrouPs NO. PERCENT
0-- B 3l 26.7
0--A 50 43.1|

0--AB | .9
A--AB |8 15.5
B--AB _I16 _13.8
TotaL |16 100.
TOTAL TRANSFUSIONS OF UNLIKE GROUPS 116 3.8
TOTAL TRANSFUSIONS OF LIKE GROUPS 2961 96.2
TOTAL TRANSFUSIONS IN SERIES 3077 100.

COMMENT
OF THE 3077 TRANSFUSIONS GIVEN, 2961 OR 96,2 PERCENT
REPRESENTED TRANSFUSIONS OF LIKE GROUPS. |IN ONLY 3.8 PERCENT

OF THE CASES WAS THE BANK UNABLE TO SUPPLY THE GROUP REQUESTED.



THE UNIVERSAL DONOR AND UNIVERSAL RECIPIENT PRINCIPLE WAS
APPLIED IN EACH OF THE |16 CASES WHERE IT WAS NECESSARY
ONLY AFTER A PRELIMINARY DIRECT MATCH, USING THE COCA cOM-
PATIBILITY TEST (CF. P. Sé). IN THE ABSENCE OF GROUP AB
BLOOD, GROUP A OR GROUP B BLOOD WAS ALWAYS SELECTED IN
PREFERENCE TO GROUP O BECAUSE ONLY ONE INCOMPATIBLE AGGLU-

TININ-AGGLUTINOGEN COMPLEX 1S DEALT WITH IN THE DILUTION

PRINCIPLE.
TaBLE XXVII
INCIDENCE OF TRANSFUSION REACTIONS
NO. PERCENT
TRANSFUSIONS 3077 [00.0
HeEMOLYTIC o 0.06
REACTIONS FEBRILE 125 4,06
URTICARI AL 56 | .82
ToTAaL 182 5,94
*ONE QUESTIONABLE.:
.-TABLE XXVII]

TypeEs OF TRANSFUSION REACTIONS

No. PERCENT

HemoLyTIC 2* .1

FEBRILE WITH CHILL 95

FEBRILE 30 68.3

MILD URTICARIAL 53

SEVERE URTICARIAL 3 30.6
ToTAL 183 100.0

*ONE QUESTIONABLE.,
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COMMENT

ANY REPORT ON THE INCIDENCE OF UNFAVORABLE TRANSFUSION

REACTIONS MUST NECESSARILY BE AFFECTED BY THE AUTHOR'S DEFI! -

NITION OF A TRANSFUSION REACTION. SUBJECTIVE COMPLAINTS NOT

ACCOMPANIED BY ANY RELATED OBJECTIVE, CLINICAL OR LABORATORY

FINDINGS DURING OR FOLLOWING THE TRANSFUS!ION HAVE BEEN DIs-

REGARDED IN THIS PRESENTATION. ALL REACTIONS OCCURRING IN

THIS SERIES ARE CLASSIFIED AS HEMOLYTIC, FEBRILE, OR URTICAR=-

'AL. UNTOWARD REACTIONS RESULTED IN 5.94 PERCENT OF THE 3077

TRANSFUSIONS GIVEN. OF THE TWO HEMOLYTIC TRANSFUSION RE-

ACTIONS REPORTED, ONE WAS THE RESULT OF A LABORATORY ERROR

IN WHICH GROUP A BLOOD WAS GIVEN TO AN INDIVIDUAL WHOSE BLOOD

WAS GROUP O AND THE OTHER, WHICH 1S NOT WELL ESTABLISHED, RE-

SULTED FROM THE TRANSFUSION OF GROUP A BLOOD TO AN INDIVIDUAL

WHOSE BLOOD WAS GROUP A. THE FOLLOWING IS A PRESENTATION OF

THE CLINICAL AND LABORATORY FACTS IN EACH INSTANCE,

CAse No. |. PATIENT NOo. 96780, A WHITE MALE AGED

55 YEARS WITH PYLORIC OBSTRUCTION DUE TO A DUODENAL ULCER, ON
AuGcusT |, 1939 RECEIVED A PREOPERATI VE BLOOD TRANSFUSION.

BLooD oF Grouer A WAS GIVEN TO THE PATIENT, WHOSE BLOOD GROUP

WAS LATER DETERMINED AS O, THE LABORATORY TECHNICIAN HAD, BY

MISTAKE, PERFORMED THE GROUPING AND COMPATIBILITY TESTS USING

A SPECIMEN OF GROUP A BLOOD WHICH HAD BECOME CONFUSED WITH THE

SPECIMEN FROM THE PATIENT. APPROXIMATELY 75 cC. OF CITRATED

BLOOD HAD BEEN GIVEN WHEN THE PATIENT SUDDENLY COMPLAINED OF

PRECORDIAL PAIN AND A SENSATION OF TINGLING IN BOTH LOWER EX-
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TREMITIES. THE TRANSFUSION WAS STOPPED AT THIS POINT. PALLOR

AND DYSPNEA WERE NOTED; THE RADIAL PULSE COULD NOT BE FELT

AND THE SYSTOLIC PRESSURE FELL TO ZERO. THERE WAS VOMITING

AND DIARRHEA. TREATMENT FOR SHOCK WAS INSTITUTED AND THE

BLOOD PRESSURE RAPIDLY ROSE TO 150/110. A SEVERE SHAKING

CHILL OCCURRED TWENTY MINUTES LATER, FOLLOWED BY CYANOSIS.

THE PATIENT WAS PLACED IN AN OXYGEN TENT AND H1S GENERAL CON-

DITION WAS QUITE GOOD FROM THAT TIME ON., FIVE HOURS POST-

TRANSFUSION HE COMPLAINED OF CRAMPS IN THE GASTROCNEMIUS

MUSCLES. TWELVE HOURS POST-TRANSFUSION HE VOIDED FOR THE

FIRST TIME, |50 cc. OF DARK BROWN SMOKY URINE. EXAMINATION

OF THE URINE REVEALED BENZIDINE +H+, A FEW GRANULAR CASTS,

ALBUMIN ¥+, SPECIFIC GRAVITY |.0l5 AND A PH. OF 6. THE

POSITIVE URINARY FINDINGS GRADUALLY DISAPPEARED OVER A PERIOD

OF THREE DAYS. ON THE DAY FOLLOWING THE TRANSFUSION THE BLOOD

UREA NITROGEN WAS 40 MGS. PERCENT. ONE DAY LATER THE BLOOD

UREA NITROGEN WAS 26 MGS. PERCENT AND THE CARBON DIOXIDE COM=

BINING POWER WAS 49 VOLUMES PERCENT. ON THE THIRD DAY THE

' BLOOD UREA NITROGEN WAS 25 MGS. PERCENT AND THE CARBON DIOX-=

IDE COMBINING POWER WAS 59 VOLUMES PERCENT. THE BLOOD

CHEMI STRY WAS NORMAL ON THE FOURTH DAY. TwO DAYS LATER, ON

AugusT 7, A SUB-TOTAL GASTRIC RESECTION WAS PERFORMED AND THE

POST-OPERATIVE COURSE WAS UNEVENTFUL.
Case No. 2. PaTIenT No. U-99838, A WHITE FEMALE
AGED 34, WAS ADMITTED ON THE MEDICAL SERVICE JANUARY 5, 1940,

A DI'AGNOSIS OF CHRONIC MYELOGENOUS LEUKEMIA HAD BEEN ESTAB~
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LISHED IN JuLy, 1938. ON ADMISSION TO THE HOSPITAL THE

PATIENT WAS COMPLAINING OF CHEST AND LEFT UPPER ABDOMINAL

PAIN, SEVERE COUGHING AND GROSS HEMQPTYSIS. EXAMINATION RE-

VEALED RALES OVER BOTH LUNG FIELDS AND A PLEURAL FRICTION

RUB OVER THE LEFT LUNG BASE. THE SPLEEN WAS PALPABLE AND

TENDER, A CLINICAL IMPRESSION OF PULMONARY AND SPLENIC IN-

FARCTION WAS MADE. DURING THE NEXT TWO DAYS HER GENERAL

COURSE WAS PROGRESSIVELY DOWNHILL, WITH A TEMPERATURE OF

104 To 105 DEGREES, PULSE RATE FROM |40 TO |50, AND RESPIR-

ATORY RATE FROM 30 TO 40 ACCOMPANIED BY CYANOSIS. THE RED

BLOOD CELL COUNT FELL FROM 3,700,000 ON ADMISSION TO

2,510,000 ON THE FOURTH HOSPITAL DAY. THE PATIENT APPEARED

MORIBUND ON THE FIFTH HOSPITAL DAY, WHEN A TRANSFUSION OF

300 cc. OF CITRATED BLOOD WAS GIVEN. THREE AND ONE=-HALF

HOURS LATER SHE COMPLAINED OF SEVERE GENERAL | ZED ABDOMINAL

PAIN AND PROGRESSED ALMOST IMMEDIATELY INTO A STATE OF PRO-

FOUND SHOCK. A SPECIMEN OF URINE VOIDED JUST BEFORE THE

ONSET OF ABDOMINAL PAIN WAS RECORDED AS DARK RED IN COLOR

AND WAS STRONGLY POSITIVE TO BENZIDINE. DEATH FOLLOWED

FIFTEEN MINUTES AFTER THE OCCURRENCE OF ABDOMINAL PAIN,

PERMISSION FOR AUTOPSY WAS NOT OBTAINED AND, UN-

FORTUNATELY, THE TRANSFUSION SERVICE DID NOT LEARN OF THE

DEATH UNTIL TWENTY-?OUR HOURS LATER, AT WHICH TIME THE BODY

HAD BEEN EMBALMED. FOR THESE REASONS LABORATORY AND TI1SSUE

STUDIES SUFFICIENT TO PROVE A DIAGNOSIS OF HEMOLYTIC TRANS-

FUSION REACTION WERE NOT POSSIBLE.



THE BLOOD GROUPS OF DONOR AND: PATIENT PRIOR TO

TRANSFUSION WERE DETERMINED AS A, THERE WAS NO EVIDENCE OF

INCOMPATIBILITY ON THE DIRECT MATCH TEST. RE-EXAMINATION
OF THE SPECIMENS OF BLOOD OBTAINED BEFORE TRANSFUSION RE=-
VEALED THAT THE BLOOD OF THE PATIENT BELONGED TO sus—eaouﬁ
A2 AND THAT OF THE DONOR TO SUB-GROUP Aj. THESE SPECIMENS
WERE THEN SENT fo ALEXANDER WIENER, SEROLOGIST AND BACTER-
IOLOGIST IN THE OFFICE OF THE CHIEF MEDICAL EXAMINER OF

NEW YOrRK CITY. RESULTS OF HIS EXAMINATION ALSO SHOWED THE

BLOOD OF THE PATIENT TO BELONG TO SUB-GROUP A2 AND THAT OF

THE DONOR TO SUB-GROUP Aj. WIENER ALSO FOUND THE BLOOD OF

THE PATIENT TO BE RH POSITIVE AND THAT OF THE DONOR TO BE
RH NEGATI VE, AND STATED THAT THIS AGGLUTINOGEN THEREFORE
COULD NOT HAVE PLAYED ANY ROLE IN THE REACTION (cF. P. 18).
HE CONCURRED WITH THE OPINION THAT A HEMOLYTIC TRANSFUSICON.
REACTION WAS NOT PROVEN AND STATED THAT, IF THIS WERE A
TRANSFUSION REACTION, |T WOULD HAVE TO BE CONSIDERED AN UN-

EXPLAINED ONE NOT AVOIDABLE BY ANY OF THE TECHNIQUES AVAIL~

ABLE AT THE PRESENT.TIME. THIS CASE 1S REPORTED BECAUSE IT

IS THE ONLY DEATH IN THE ENTIRE SERIES WHICH MIGHT BE

ATTRIBUTED TO THE TRANSFUSION OF BLOOD.

BECAUSE OF THE KNOWN SUSCEPTIBILITY OF PATIENTS
SUFFERING FROM LEUKEMIA TO SEVERE TRANSFUSION REACTIONS, SOME
AUTHORITIES ON BLOOD TRANSFUSION CONSIDER LEUKEMIA A CONTRA-

INDICATION TO BLOOD TRANSFUSION.6|

IN REPORTING THIS SERIES OF TRANSFUSIONS THE FOLLOW-

ING CASE IS ALSO OF INTEREST. THIS PATIENT, A WHITE MALE
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AGED 32 YEARS, RECEIVED A TRANSFUSION ONE HOUR AFTER
APPENDECTOMY FOR ACUTE APPENDICITIS WITH PERFORATION. THE
PATIENT WAS OF GROUP A AND HAD RECEIVED 300 cc. OF GROUP B

BLOOD |SSUED FROM THE BANK BY MISTAKE BEFORE THE TECHNICIAN

HAD REALIZED THE ERROR. NO SIGNS OF IMMEDIATE OR DELAYED

REACTION, SUBJECTIVE OR OBJECTIVE, DEVELOPED, DESPITE CLOSE

WATCHING OF THE PATIENT. ALL POST-TRANSFUSION URINARY

SPECIMENS WERE EXAMINED FOR A PERIOD OF SIX DAYS; THERE WAS

NO EVIDENCE OF HEMOGLOBINURIA. THE PATIENT WAS DISCHARGED

FROM THE HOSPITAL ON THE TWENTIETH POST-OPERATIVE DAY AND

WAS SEEN ONE MONTH LATER IN FOLLOW-UP CLINIC. NO ILL EFFECTS

RESULTED FROM THE TRANSFUSION OF INCOMPATIBLE BLOOD. RE=-

CHECK OF BOTH THE PRE-TRANSFUSION AND POST-TRANSFUSION SPEC-

IMENS OF BLOOD SHOWED THAT OF THE PATIENT TO BE GROUP A AND

THAT OF THE bomoa To BE GROUP B. THE INCOMPATIBILITY ON

DIRECT MATCH WAS QUITE EVIDENT IN BOTH SPECIMENS.,

FEBRILE REACTIONS FOLLOWED 125 TRANSFUSIONS IN THIS

SERIES, A PERCENTAGE OF 4.06. IN NINETY-FIVE CASES THE RISE

IN TEMPERATURE WAS PRECEDED BY A CHILL. THERE WERE NO DEATHS

IN WHICH THESE REACTIONS WERE CONSIDERED A CONTRIBUTORY CAUSE.

IN FIFTY-THREE CASES URTICARIAL REACTIONS MARKED ONLY BY THE

APPEARANCE OF WHEALS FOLLOWED CLOSE UPON TRANSFUSION. IN

THREE CASES WIDESPREAD URTICARIA WAS PRECEDED BY PALLOR,

SWEATING, A MARKED INCREASE IN PULSE RATE AND A FALL IN BLOOD

PRESSURE. EACH OF THESE PATIENTS RESPONDED READILY TO

SUPPORTIVE MEASURES INSTITUTED FOR ANAPHYLACTIC SHOCK.
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THE INCIDENCE OF URTICARIAL REACTIONS MIGHT BE RE-
DUCED IF BLOOD WERE DRAWN FROM DONORS IN A FASTING STATE.
THE DIFFICULTY AND INCONVENIENCE IN OBTAINING SUCH DONORS
MAKES THI1S PLAN IMPRACTICABLE, PARTICULARLY IN VIEW OF THE

MILDNESS AND INFREQUENCY OF URTICARIAL REACTIONS,

TaBLE XXIX
FEBRILE REACTIONS IN RELATION TO GROUPS TRANSFUSED
GROUPS No. CASES REACTIONS FEBRILE PERCENT
AB--AB 64 3 2 3. |
*A=-=A 1171 78 56 4,7
B--B 323 23 16 4,9
"0==0 1403 73 47 3.3
0-~-AB | 0 0 0
B-~AB |16 2 2 12.5
0--A 49 | | 2.0
A--AB 18 0 0 0
*A--~A SERIES CORRECTED FOR PATIENT No. 78995
A--A TRANSFUSIONS 1171=-60= 1111}
A-~A FEBRILE REACTIONS 56-l1= 45
CORRECTED DETERMINATION 45/1111= 4.0 PERCENT
TaBLE XXX

Patient No. 78995. BLoop Grour A.
(CHRONIG LYMPHATIC LEUKEMIA)

NO. PERCENT

TRANSFUSIONS GIVEN 6l
TRANSFUSIONS OF GROUP A BLOOD 60
TRANSFUSIONS OF GrOUP O BLOOD |
FEBRILE REACTIONS | 2% 19.7
URTICARIAL REACTIONS 6 9.8
TOTAL REACTIONS 18 29,5

*ONE REACTION WAS O--A,
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COMMENT

THE CAUSES OF CHILLS AND FEVER WHICH FOLLOW THE
INTRAVENOUS ADMINISTRATION OF SOLUTIONS, INCLUDING BLOOD,
AND METHODS FOR REDUCING THE INCIDENCE OF THESE REACTIONS
HAVE BEEN A SUBJECT OF MUCH INTEREST IN MANY HOSPITALS. THE
ADOPTION OF RIGID ROUTINES IN THE PREPARATION OF SOLUTIONS
AND CLEANSING OF GLASSWARE AND TUBING WITH WHICH THE SOLU-
TIONS COME IN CONTACT HAVE REDUCED THE INCIDENCE OF UNTOWARD
REACTIONS. DESPITE CAREFUL ATTENTION TO THESE FACTORS, THE
INCIDENCE OF CHILLS AND FEVER IN MOST REPORTED SERIES OF
BLOOD TRANSFUSIONS VARIES FROM § PERCENT TO 20 PERCENT. IN
ADDITION TO EXTRINSIC FACTORS IT IS PROBABLY TRUE THAT THE
CONDITION OF THE PATIENT PLAYS A ROLE IN THE CAUSATION OF
THESE REACTIONS. |T 1S A MATTER OF COMMON OBSERVATION THAT
PATIENTS IN SEVERE SEPTIC STATES AND WITH LEUKEMIA, FOR
EXAMPLE, ARE MUCH MORE SUBJECT TO POST-TRANSFUSION CHILLS AND
FEVER.

RECENTLY SOME WRITERS HAVE CONTENDED THAT THE SuB-
GROUPS OF A AND AB, NAMELY, Ay AND Ag AND A|B AND A,B, wHéN
MIXED IN TRANSFUSIONS, MAY BE RESPONSIBLE FOR POST-TRANSFUSION
CHILLS AND FEVER (CF. P. 30). FOR THIS REASON THE TRANSFUSIONS
IN THIS SERIES WERE ANALYZED FROM THE STANDPOINT OF FEBRILE

REACTIONS IN RELATION TO BLOOD GROUPS TRANSFUSED. THE IN- \

CIDENCE OF FEBRILE REACTIONS WAS 4.7 PERCENT BETWEEN MEMBERS

OF GROUP A, 4.9 PERCENT BETWEEN MEMBERS OF GROUP B, AND 3.3

107



PERCENT BETWEEN MEMBERS OF GROUP O. WHILE THE PERCENTAGE OF
REACTIONS OCCURRING AMONG MEMBERS OF GROUP A WAS NO HIGHER
THAN AMONG MEMBERS OF GROUP B, BOTH OF THESE SERIES REVEALED
A HIGHER PERCENTAGE THAN occhRED AMONG MEMBERS OF GRrRouP O.
IT MAY BE THAT THE NUMBER OF TRANSFUSIONS GIVEN MEMBERS OF
GROUP B 1S NOT SUFFICIENTLY LARGE TO PERMIT ANY VALUE TO

BE ATTAHCED TO A PERCENTAGE ANALYSIS., CONSIDERING THIS,

THE INCIDENCE OF REACTIONS AMONG |17| TRANSFUSIONS OF GROUP
A BLOOD TO GROUP A PATIENTS (4.7 PERCENT), AS COMPARED TO
THOSE WHERE GROUP O WAS CONCERNED (3.3 PERCENT), 1S CONSID-
ERABLY HIGHER., HOWEVER, IN THE GROUP A SERIES PATIENT NO.
78995 RECEIVED SIXTY-ONE TRANSFUSIONS FOR ANEMIA SECONDARY
TO CHRONIC LYMPHATIC LEUKEMIA. FEBRILE REACTIONS FOLLOWED
TWELVE OF THE SIXTY-ONE TRANSFUSIONS AND URTICARIAL REAC-
TIONS FOLLOWED SIX, MAKING A TOTAL OF EIGHTEEN. THE TOTAL
INCIDENCE OF REACTIONS WAS 29.5 PERCENT AND OF FEBRILE
REACTIONS 9.7 PERCENT. ONE OF THE FEBRILE REACTIONS FOLLOWED
A TRANSFUSION OF GROUP O BLOOD, LEAVING ELEVEN FEBRILE REAC-
TIONS IN SIXTY TRANSFUSIONS OF GROUP A BLOOD. A TRUER ANAL-
YSIS OF THE GROUP A REACTIONS RESULTS IF THE SERIES 1S
CORRECTED BY ELIMINATING THE TRANSFUSIONS AND REACTIONS OF
THIS PATIENT, SINCE IN THE GROUP O SERIES NO PATIENT PARTIC-
ULARLY SUSCEPTIBLE TO REACTIONS RECEIVED A COMPARABLE NUMBER OF
TRANSFUSIONS., THE CORRECTED REACTION RATE IN THE GROUP A
SERIES 1S 4.0 PERCENT WHICH IS VERY CLOSE TO THE RATE OF 3,3

PERCENT IN THE GROUP O SERIES, AND THE DIFFERENCE IS NOT SIG-
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NIFICANT, BEING WELL WITHIN THE LIMITS OF STATISTICAL ERROR

WHEN THE NUMBER OF CASES REPORTED IS CONSIDERED.

TABLE xxx{

RELATIONSHIP OF REACTIONS
TO AGE OF BLOOD TRANSFUSED

AGe oF NUMBER FEBRILE URTICARI AL
BLooD OF
IN DAYS TRANS-
FUSIONS No.
468 21
540 25
386 13
286 10
248 13
230 |
182
140
110
93
Q9
64
55
56
29
20
16
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COMMENT

WHETHER THE INCIDENCE OF REACTION INCREASES AS BANK
BLOOD AGES IS ANOTHER SUBJECT OF MUCH INTEREST. BECAUSE OF
THIS THE TRANSFUSIONS GIVEN IN THIS SERIES ARE ANALYZED FROM

THE STANDPOINT OF REACTIONS IN RELATION TO THE AGE OF THE
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BLOOD GIVEN. THIS ANALYSIS WILL BECOME OF REAL VALUE AS MORE
STATISTICS ARE ACCUMULATED. AT PRESENT FIGURES INDICATE THAT
THE AGING OF BLOOD DOES NOT lNCREAéE THE RATE OF REACTIONS.
ANOTHER POINT OF INTEREST SHOWN IN THIS ANALYSIS IS
THAT IN PRACTICAL OPERATION THE GREAT MAJORITY OF BANK BLOOD
UNITS ARE GIVEN UNDER SEVEN DAYS OF AGE. THUS THE AGE
LIMITATIONS OF BANK BLOOD, WHICH HAVE BEEN FAIRLY WELL ES-

TaBLISHED (CF. P. 53), CAN BE MET WITHOUT DIFFICULTY.
.SUMMARY AND CONCLUSIONS

AN ANALYSIS OF THE EXPERIENCE GAINED AND STATISTICS

DERIVED FébM‘3077 TRANSFUS1ONS OF .BANK BLOOD AT THE CINCIN-
NATI GENERAL HOSPITAL HAS BEEN PRESENTED. THIS WAS MADE IN
ORDER TO STUDY THE EFFECTS OF THE TRANSFUSION OF PRESERVED
BLOOD AND ALSO TO PROVIDE INFORMATION HELPFUL IN THE ACTUAL
OPERATION OF A BLOOD BANK.

THE RESULTS MAY BE SUMMARIZED AS FOLLOWS:

|« BLOOD OF THE SAME GROUP AS THAT OF THE PATIENT
1S AVAILABLE WITHOUT DELAY IN NINETY=-SIX PERCENT OF THE CASES.

2. THE INCIDENCE OF UNTOWARD TRANSFUSION REACTIONS
COMPARES FAVORABLY TO THOSE IN REPORTED SERIES OF TRANSFUSIONS
OF FRESH BLOOD.

3. AGING OF BLOOD DOES NOT INCREASE THE RATE OF
FEBRILE REACTIONS.

4, THERE 1S NO SIGNIFICANT INCREASE IN UNTOWARD
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REACTIONS RESULTING FROM THE TRANSFUSION OF GROUP A BLOOD AS
COMPARED TO TRANSFUSIONS OF BLOOD OF THE OTHER GROUPS.

5. THE CAUSES OF LOSS OF BANK BLOOD ARE, IN ORDER,
POSITIVE TESTS FOR SYPHILIS, EXPIRATIONS OF THE TIME LIMIT,
AND CLOTTING. METHODS FOR MINIMIZING THESE LOSSES ARE
SUGGESTED.

6. IN THE 3077 TRANSFUSIONS OF BLOOD GIVEN ONLY
ONE DEATH OCCURRED WHICH MIGHT BE ATTRIBUTED TO THE TRANS-

FUSION,



2.

3.
4.
I5.
6.
7.
8.

19,
20.
2.

B1BLIOGRAPHY

ZENTRALBL F. BAKTERIOL., PARASITENK, U. INFECTIONSKRANKH,
27:357, (1900).

THROUGHOUT THIS REPORT THE TERM AGGLUTINATION REFERS TO
NORMAL HUMAN [1SO-AGGLUTINATION,

WEIN, KLIN, VWocH. 14:1132 (1901).

MuncH. Mebp. WocH. 49:1090 (1902).

KEMP, ACTA PATHROL. ET MICROBIOL, Scanp. 7:146 (1930).
THOMSEN & KETTEL, ZEITSCHR, F. IMMUNITATS. 63:87 (1929).
SCHIFF AND MeENDLOWICZ ZEITSCHR. F. |IMMUNITATS. 48:1 (1926).
CocA, JoURNAL LaB. aND CLIN. MED., |6:405, Jan. 193l.

HoXWORTH & AMES, BLOOD GROUPING AND COMPATIBILITY, J.A.M.A.
108: 1234 (1937).

HOXWORTH & MAHONEY, ARTIFICIAL CONCENTRATION OF TEST
SERUMS IN BLOOD GROUPING, J.A.M.A., |11:1554 (1938).

TERRY, M.C., HIGH-TITER BLOOD GROUPING SERUM, PROC. SoOC.
ExPER. BloL. & Meb. 33:14 (Oct.) 1935, '

FLosporF, E.W., AND MuDD, STUART, PROCEDURE AND APPARATUS
FOR PRESERVATION IN "LyorPHILE" FORM OF SERUM AND OTHER
BloLOGICAL SUBSTANCES, J. ImMmuNoL. 29:389 (Nov.) 1935.

BOorRDLEY, ARCH. OF INT. Mep. 47:288 (1930).

BorRDLEY, ARCH. OF INT. MeED. 47:288 (1930).

BorpLEY, ARCH. OF INT. Mep. 47:288 (1930).

GOORMAGHTléH, ARCH. MeD. BeLges 72:811 (1918).

BANCROFT, F.W., ANN. SurGc. 81:733 (1925).

OLlENSIS, A.E., M.J. & Rec. 128:178 (1928).

SHERA, G., BRITISH M.J. 1:754 (1928). |

Lemke, R., VIRCHOWS ARCH., F. PATH. ANAT. 257:415 (1925).

SANTY, J.P., LYON CHIR. 23:608 (1926).

Ia



22.

24.
25.
26.
ar.
28.

29.

30.
3l.

32.

33.

34.

35.
36.
37.
38.
39.
40.
41.
42.
43.

BoIDIN, BERTHAUX AND BEYRAND, BULL. ET ME. Soc. MEDD
Hop DE PARIs, 43:8869 (1919).

BAKER AND Dobps, BRIT. d. ExpEr. PATH. 6:247 (1925).
BAKER AND Dopps, BRIT. J. EXPER. PATH. 6:247 (1925).
CURTIS, A.H., SURG. GYNEC. & 0BST. 30:627 (1920).
CoPHER, G. H., ARCH. SURG. 7:125 (1923).

WitTs, L.d., LanceT 1:1297 (1929).

LLNDAU, A., ACTA. PATH. .ET MICROBIOL. SCANDINAV. 5:382

(1928).

LinDAU, A., ACTA. PATH. ET
(1928).

PAYNE, R.V., Guv's Hosp. Rep. 84:65-71 (1934).

MICROBIOL. SCANDINAV. 5:382

VoN DEISTEN, H.T., & COSGROVE, S.A., ANN. INT. MED. T7:
105-108 (1933].

JOHNSON, R.A. & CONWAY, d.F., AM. JOURNAL 0BST. & GYN.,
26:255-260, (1933).

JOHNSON, R.A., & CONWAY, J.F., AM. JOURNAL 0BST. & GYN.,
26:255-260, (1933).

JOHNSON, R. A., & CONwAY, d. F., AM. JoOURNAL
26:255-260, (1933)

STEWART, S.G., MED. CLINICS NORTH AM. 15:553-559, (1931).

OBsT. & GYN.,

STEWART, S.G., Mep. CLINICS NORTH AM. |15:553-559, (1931).
PARR, L.W., & KRISCHNER, HAROLD, J.A.M.A. 98:47 (1932).

BARON, CHARLES, Ky. Meo. d. 30:326 (1932).

McCanpLess, H.G., J.A.M.A. 105:952 (1935).

CULBERSTON, AM. J. MED. SCIENCE, OCT. [936.
OTTENBURG & JOHNSON, JOURNAL IMMUN. [2:35.
DEGOWIN, J.A.M.A., 108:296 (1937).

GOLDRING, WM. & GRAEF, |RVING, ARCH. INT. Meb., 58:825
(1936).

13




44,

45.

47.
48.
49,

50;
51.
o2.
53.

54,

55.

. 56.
57.
58.
59.

60.
6l.

GOLDRING, WM. & GRAEF, |RVING, ARCH. [NT. Mep., 58:825
(19369. o

GOLDRING, WM. & GRAEF, IRVING, ARCH. |NT,
(19369 . : :

GOLDRING, WM. & GRAEF, |RVING, ARCH. INT. MEeD.,
(19369.

Meo., 58:825

58:825

GOLDRING, WM. & GRAEF, IRVING, ARCH. INT. Mep., 58:825

(19365.

GOLDRING, WM. & GRAEF, IRVING, ARCH.

INT. Mep., 58:825
(19369 . |

GOLDRING, WM. & GRAEF, IRVING, ARCH. INT. Mep., 58:825

(19369.

YOUNGE, NEw. ENGLAND JOURN. OF MED., APRIL 30, [936.

YounGe, NEw., ENGLAND JOURN. OF MeD., ApriIL 30, 1936,

SINCLAIR, CANAD. MED. Ass. JOURN. OCT. 1936.

WiENER, A.S., AND PETERS, R.H., HemoLYTIC REACTIONS FoLLOW-
ING TRANSFUSIONS OF BLOOD OF THE HOMOLOGOUS' GROUP -

(IN PRESS).

WIENER, A.S., AND PETERS, R.H., HEMOLYTIC REACTIONS FoLLOW-
ING TRANSFUSIONS OF BLOOD OF THE .HOMOLOGOUS GROUP

(IN PrESS). _ “
AND HIRSCHFELD, L.: ZTSCHR. F. IMMUNI-
EXPER. THERAP., ORIG. 8:526-562 (1911).

112:713 (1939).

VON DUNGERN, E.,
TATSFORSCH, U.

DAVIDSOHN, 1.: dJd.A.M.A.

BLINOW, N.l.: SoVeT KHIR., 7:335-348 (1934).

LATTES, L.: INDIVIDUALITY OF THE BLOOD, OXFORD UNIV.
Press, p. 72, (1932).

FRIEDENREICH, V.: ZTSCHR. F. |MMUNITATSFORSCH. U. EXPER.

THERAP. T7|:283 (193r).

DeGowIN, E.L.: ANN. INT. MED., 11:1777 (APRIL, 1938).

Wi ENER, A.S., BLOOD GROUPS AND BLOOD TRANSFUSION, SPRING-
FIELD, ILL., THomas (1939).

114



62. LANDSTEINER, KARL AND WiTT, D.H.: PRrROC. Soc. Exp. BioL.
& Meo., 21:389 (1924). .

63. VINCENT, BETH: A RAPID MACROSCOPIC AGGLUTINATION FOR
BLOOD GROUPS AND ITS VALUE IN TESTING DONORS FOR
TRANSFUSION, J.A.M.A., 70:1219 (AprIL 27, [918).

64. Coca, A.F.: THE EXAMINATION OF THE BLOOD PRELIMINARY TO
THE OPERATION OF BLOOD TRANSFUSION, J. [MMUNOL 3:

93 (MarcH, 1918).

65. MiINOT, G.R.: METHODS FOR TESTING DONORS FOR TRANSFUSION
OF BLOOD, AND CONSIDERATION OF FACTORS INFLUENCING
AGGLUTINATION AND HEMOLYSIS, BOsSTON M. & S.d. 174:

667 (Mavy 11, 19186).

66. Moss, W.L.: STUDIES ON |SO-AGGLUTININS AND |SOHEMOLYSINS,
BULL. JOHNS HopkINs Hosp. 21:63, (1910).

67. EPSTEIN, A,A., AND OTTENBERG, REUBEN: A METHOD FOR
HEMOLYSIS AND AGGLUTINATION TESTS, ARCH. |NT. MED,

3:286 (May, 1909).

68. WeiL, RicHARD: SoblumM CITRATE IN THE TRANSFUSION OF BLOOD,
J.A.M.A., 84:425 (JaN. 30, 1915). -

69. ,Rous;fPevTom, AND TURNER, J.R.: A RAPID SIMPLE MEfHoo OF
: TESTING DONORS FOR TRANSFUSION, J.A.M.A. 64:1980

(June |2, 1915).

70. MORGAN, H.dJ.: FACTORS CONDITIONING THE TRANSMISSION OF
SYPHILIS BY BLOOD TRANSFUSION, AM. J.M.Sc. 189:808

7l. THE INTERNATIONAL CLASSIFICATION OF HUMAN BLOOD GROUPS
0, A, B, AB IS EMPLOYED THROUGHOUT THIS PAPER.

72. GROVE, E.F.: ON THE Useg OF LOW-TITERED UNIVERSAL DONORS
FOR PATIENTS OF OTHER BLOOD GROUPS AND SIMILAR SuB-
STITUTIONS, J. LAB. & CLIN. Meo. 16:670 (ApriIL, 1931).

73. Levine, P., AND MABEE, J.: A DANGEROUS "UNIVERSAL"
DoNOR DETECTED BY THE DIRECT MATCHING OF BLOODS, J.

| MMUNOL., 8:425 (Nov., 1923).

74, LANDSTEINER, K.: THE HUMAN BLOOD GROUPS, IN JORDAN, E.O.,
AND FaLk, |.S.: NEWER KNOWLEDGE OF BACTERIOLOGY AND
IMMunoLOGY, CHICAGO, UNIVERSITY OF CHICAGO PRESS,

P. 906 (1928).

(I R)



75.
786.

77.

78.
79.
80.

8l.

82,
83.

84.

85.

86.

87.

88.

- FANTUS, BERNARD:

Coca, A.F.: A SLIDE METHOD OF TITRATING BLoOD GROUPING
SERA, J. LaB. & CLIN. MeD. 16:405 (Jan., 1931).

TERRY, M.C.j HIGH-TITER BLOOD GROUPING SERUM, PROC. Soc.
ExPER. BloL. & Mep. 33:14 (Oct., 1935).

Moss, W.L.: CLASSIFICATION AND TREATMENT OF ANEMIAS AND
HEMORRHAGIC DISEASES, IN FORCHHEIMER'S THERAPEUSIS
OF INTERNAL DISEASES, EDITED BY BILLINGS AND | RONS,
New Yomrk, D. ApPLETON & Co., 5:813, (1914).

Rous AND TURNER: JOURNAL OF EXPERIMENTAL MEDICINE, 23:
219 (l9ls). .

ROBERTSON, O.H.: TRANSFUSION WITH PRESERVED RED BLOOD
CELLs, BRITISH M.d., 1:691 (1918).

YupIN, S.S.: . TRANSFUSION OF STORED CADAVER BLOOD:
PRACTICAL CONSIDERATIONS; THE FIRST THOUSAND CASES,
181D., dJ.A.M.A., 109:361 (1937).

GoopaLL, J.P., ANDERSON, F.O., ALTIMAS, G.T., AND
McPHAIL, F.L.: |INEXHAUSTIBLE SOURCE OF BLOOD FOR

TRANSFUSION AND |TS PRESERVATION, SURG., GYN., &
OBsTET., 66:176 (1938). ' .

THE THERAPY OF THE COOK CounTY HOsSPITAL,

BLOOD PRESERVATION TECHNIC, dJ.A.M.AL, 111:317 (1938).

KREMERMAN, R.B.: MEDECINE EXPERIMENTALE (UkrAINE) P. 29

Nov., 1938.

Scubper, JoHN, Drew, C.R., CORCORAN, DOROTHY, R., AND BULL,
D.C.: STUDIES IN BLOOD PRESERVATION: |. REPARTITION
OF POTASSIUM IN CELLS AND PLASMA, J.A.M.A., 112:2263

(1939).

DEGowIN, E.L., HaRrIS, J.E., AND PLASS, E.D.: CHANGES IN
BLOOD PRESERVED FOR TRANSFUSION, PROC. SoC. EXPER. BloL.

AND MeD., 50: 126 (1939).

RHoADS, dJ.E., AND PANzéR, L.Me: THE PROTHROMBIN TIME OF
WBANK BLooD", dJ.A.M.A., 112:309 (1939).

Quick, A.J.: THE NATURE OF THE BLEEDING IN JAUNDICE,
JoA.M.A., 110:1658 (1938).

Lorp, dJ.W., AND PASTORE, dJ.B.: PROTHROMBIN CONTENT OF BANK
BLoop, J.A.M.A., 112:309 (1939).

116




89.

90.

9l.

92.

3.

95.

WARNER, E.D., BRINKHOUSE, K.M., AND SMITH, H.P.:
A QUANTITATIVE STuDY ON BLOOD CLOTTING: PROTHROM-

BIN FLUCTUATIONS UNDER EXPERIMENTAL CONDITIONS,
AM. JOURN. PHYsioL. |14:667 (1936).

BANCROFT, F.W., STANLEY-BROWN, dJ., AND QUICK, A.d.:
PosT OPERATIVE THROMBOSIS AND EMBOLISM, AM. dJ. SURG.,
28:648:668 (1935).

Novak, MILAN: PRESERVATION OF STORED BLOOD WITH SULFA-
NILAMIDE, J.A.M.A., |13:2227 (1939).

Drew, C.R., EDSALL, K., AND SCUDDER, dJ.: STUDIES IN.
BLOOD PRESERVATION, JOURN. LaB. AND CLIN, MED. 25:
240 (Dec., 1939).

KOLMER, J.A.: PRESERVED CITRATED BLOOD "BANKS" IN RELA-
TION TO TRANSFUSION IN TREATMENT OF DISEASE WITH
SPECIAL REFERENCE TO |MMUNOLOGIC ASPECTS, AM. dJ.M.
Sc. 197:442 (ApriIL, 1939).

SCHAEFER, G., AND WIENER, A.S.% LIMITATIONS IN THE USE
OF PRESERVED BLOOD FOR TRANSFUSIONS, QUART. BULL.
OF SeA View HospiTaL (Oct., 1939).

SCHIFF, L., ET AL: OBSERVATIONS ON THE ORAL ADMINIS-

TRATION OF CITRATED BLOOD IN MAN. AM. JQURN. OF
DIGESTIVE Diseases, VI:597-602, Nov., 1939.

17



	00001
	00002
	00003
	00004
	00005
	00006
	00007
	00008
	00009
	00010
	00011
	00012
	00013
	00014
	00015
	00016
	00017
	00018
	00019
	00020
	00021
	00022
	00023
	00024
	00025
	00026
	00027
	00028
	00029
	00030
	00031
	00032
	00033
	00034
	00035
	00036
	00037
	00038
	00039
	00040
	00041
	00042
	00043
	00044
	00045
	00046
	00047
	00048
	00049
	00050
	00051
	00052
	00053
	00054
	00055
	00056
	00057
	00058
	00059
	00060
	00061
	00062
	00063
	00064
	00065
	00066
	00067
	00068
	00069
	00070
	00071
	00072
	00073
	00074
	00075
	00076
	00077
	00078
	00079
	00080
	00081
	00082
	00083
	00084
	00085
	00086
	00087
	00088
	00089
	00090
	00091
	00092
	00093
	00094
	00095
	00096
	00097
	00098
	00099
	00100
	00101
	00102
	00103
	00104
	00105
	00106
	00107
	00108
	00109
	00110
	00111
	00112
	00113
	00114
	00115
	00116
	00117
	00118
	00119
	00120
	00121

