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Management of Massive Blood Losses in Small Infants—
Incremental Transfusion of Fresh Unanticoagulated
Adult Blood

K. M. Janis, M.D., axp J. W. McBRIDE, M.D.°

Extensive surgical operations on neonates
and small infants often necessitate replacement
of massive blood losses. Bank blood, regard-
less of how fresh, may allow metabolic or
hematologic complications to develop follow-
ing multi-blood-volume replacement in a new-
born infant whose liver is immature or in an
older infant undergoing massive hepatic resec-
tion. The two cases in this report describe re-
placement of multi-blood-volume losses which
utilized incremental transfusion of warm, un-
anticoagulated, fresh, whole adult blood drawn
directly from donors present in the operating
room.

Rerort OF Two Cases

Patient 1. A six-hour-old 3.14-kg newborn male
infant was brought to the operating room for re-
section of a large abdominal tumor. Anesthesia
was induced with halothane and nitrous oxide in
oxygen. The trachea was intubated and anesthe-
sia maintained with nitrous oxide-oxygen and d-
tubocurarine via a Jackson-Rees T-piece appa-
ratus. Two 16-gauge intravenous catheters were
placed in the anms. Electrocardiogram, central
venous pressure, arterial blood pressure, rectal
temperature, and renal output were monitored.
Transfusion was begun simultaneously with the
incision and, after approximately 2} of the infant’s
estimated blood volume had been replaced with
fresh bank blood, sudden massive blood loss oc-
curred. The blood pressure signal could not be
detected with the Doppler{ ultrasound trans-
ducer, and no pulse could be palpated. Calcium
chloride, 30 mg, and mannitol, 1.25 g, were ad-
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ministered intravenously. Surgical control of the
bleeding was obtained. Subsequently, incremen-
tal transfusion of fresh blood from crossmatched
donors brought to the operating room was begun.
There was also a second episode of severe hypo-
tension following sudden blood loss, which re-
sponded to rapid incremental administration of
fresh unanticoagulated blood. Total replacement
of six and a half times the estimated blood volume
was administered: 1,260 ml fresh bank blood; 700
ml fresh adult blood by incremental transfusion;
775 ml 5 per cent dextrose in Ringer's lactate solu-
tion. Throughout the procedure all blood was
warmed, and the temperature of the infant was
maintained between 96 and 99 F. At the con-
clusion of the surgical operation nitrous oxide was
discontinued and then cffects of d-tubocurarine
were reversed with atropine and ncostigmine.
The trachea was extubated and the infant cried
vigorously in the operating room. The postopera-
tive course was uneventful.

Patient 2. An 18-month-old 11.8-kg female in-
fant was brought to the operating room for resec-
tion of a hepatic tumor. Two hundred and fifty
ml of fresh bank blood had been administered the
night before to correct preoperative anemia (hemo-
globin = 9.1 g/100 ml). After premedication with
scopolamine, 0.1 mg, and morphine, 1 mg, intra-
muscularly, anesthesia was induced and main-
tained with halothane-nitrous oxide and oxygen
via a Jackeon-Rees T-piece apparatus. d-Tubo-
curarine was added intravenously for muscle re-
laxation. Two 16-gauge catheters were placed in
the arms. Rectal temperature, arterial blood pres-
sure, electrocardiogram, central venous pressure,
and urinary output were monitored. Early in the
procedure massive blood loss occurred, and hypo-
tension which ensued responded to rapid adminis-
tration of warm fresh bank blood (1,250 ml). So-
dium bicarbonate, 15 ml, and caleium, 100 mg,
were also administered. Subsequently, incremen-
tal transfusion of warm, fresh adult blood from
previously crossmatched donors (630 ml) was be-
eun. Fresh frozen plasma (250 ml), Ringer’s lac-
tate solution (700 ml) and an additional 500 ml
fresh bank blood were administered during the
procedure. The rectal temperature was main-
tained between 98 and 99 F throughout the pro-
cedure, and urinary output was adequate. After
reversal of the effects of the muscle relaxant with
atropine and ncostigmine, the trachea was extu-
bated. The patient cried vigorously in the op-
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erating room. Clotting values (partial thrombo-
plastin time, prothrombin time, and platelets),
measured pre-, intra-, and postoperatively, re-
mained within normal limits. The postoperative
course was uneventful.

DiscusstoN

Transfusion of blood from donor to patient
by syringe was first performed by James
Blundel in 1818.t In 1881, William Halsted
used a syringe to transfer blood directly from
himself to his sister.! Lindemann, in 1913,
developed a multiple-syringe technique for the
transfer of blood directly from the domnor to
the patient.! ithout the benefit of cross-
matching procedures or anticoagulants, the
transfusion of unanticoagulated blood re-
mained difficult and dangerous until experi-
ence with citrated blood was gained.

Through analysis of experience with massive
transfusions given to battle casualties, Miller
found that fresh blood often was necessary to
completely correct the bleeding diathesis which
developed during massive blood replacement.?
The technique of incremental transfusion de-
scribed here supplies warm fresh blood with-
out anticoagulants in situations where bank
blood containing anticoagulants might allow
development of the metabolic and/or hema-
tologic complications of massive transfusion.
The “storage lesion” of banked blood is well-
documented.? In addition, recent evidence has
shown that bank blood may be deficient in
ervthrocyte content of 2,3-diphosphoglyceric
acid ¢ and that fetal hemoglobin may be un-
able to bind 2,3-DPG adequately.® Incremen-
tally transfused fresh adult blood without anti-
coagulants is available, and it is kept warm
and metabolically normal by the body, which
serves as a “tonometer” until the moment it is
withdrawn from the donor. With this tech-
nique, very little biochemical change in the
transfused blood will have occurred. In this
manner, blood at normal body temperature
containing adequate levels of labile clotting
factors, platelets, 2,3-DPG and adult hemo-
globin, with normal pH and electrolyte con-
tent, will be transfused, rather than blood sub-
jected to the alterations associated with blood
bank processing and storage.

The newborn infant’s immature liver may
be unable to transform citrate anticoagulant
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metabolically. Fresh bank blood, regardless of
the nature of the anticoagulant and preserva-
tive used, may overwhelm the compensatory
mechanisms of the immature newborn liver.
In addition, the infant may be deficient in
labile clotting factors. Bank blood will be un-
able to supply adequate quantities of labile
clotting factors or platelets. Patient 2 was an
older infant whose hepatic metabolism was
more mature, but might have been limited
preoperatively by invasion of tumor mass and
further limited postoperatively as a result of
surgical excision of a large portion of the re-
maining functional hepatic tissue. Massive re-
section of hepatic tissue may impair hepatic
metabolism of anticoagulants and production
of labile clotting factors in the intra- and post-
operative periods.

Successful utilization of this technique re-
quires teamwork. A clinical pathologist will
evaluate the patient preoperatively and ob-
tain laboratory determinations relevant to the
patient’s hemostatic state, including family
history, prothrombin time, activated partial
thromboplastin time, platelet count, and ex-
amination of smear for platelet clumps, quan-
titative fibrinogen, and clot formation, and re-
traction times. The blood bank is alerted, and
donors of the appropriate type are contacted
and crossmatched prior to surgery. Blood re-
placement is begun with fresh bank blood
and, after three-quarters of one estimated
blood volume has been administered, fresh
frozen plasma (5-10 ml/kg) is given and the
pathologist brings the donors to the operating
room suite. A large-bore catheter is placed in
the donor’s antecubital vein. Blood is with-
drawn in 10-ml syringes and administered to
the patient immediately. Experience has shown
that use of larger syringes may result in the
donor’s blood’s clotting in the syringe before it
can be successfully transfused to the patient.
Various types of blood filters have been used,
and the platelet filter seems to be the best
available for this procedure, although it is not
totally satisfactory. After 400 m! of blood are
removed, the procedure is continued with sub-
sequent donors. On three other occasions this
system was organized and ready to be placed
in immediate operation, but it was not neces-
sary because surgical blood loss did not exceed
three-quarters of one estimated blood volume.

20z ludy 21 uo 3sanb Aq ypd-zz000-000£01 L6 L-Z¥S0000/S8Z | 62/862/€/7E/HPd-01o11e/AB0|0ISOUISBUE/WOD IIEUYDIDA|IS ZESE//:d}}Y WOI) papeojumoq



o

CoNCLUSION
This technique allows warm fresh unanti-
coagulated adult whole blood to be rapidly
transfused in situations requiring massive blood

300 CLINICAL WORKSHOP

Anesthesiology
March 1971

REFERENCES

1. Hutchin P: History of blood transfusion: A
tercentennial Jook. Surgery 64:685-700, 1968
Miller RD, Pong MJ, Robbins TO: Coagula-
tion Defects Assoctated with Massive Trans-
Presented at the ASA Meeting, Oc-

&

replacement. Blood transfused by means of fuiim. sented
i 3 5 - tober 1969, San Francisco.
incremental tmnsf}lsxon of ;varm un]a n-h coagu 3. Bunker JP: Metabolic effects of blood trans-
lated adult blood is as nearly normal, in terms Tusion. ANESTHESIOLOGY 27:446-455, 1966
of metabolic physiology and factors necessary 4. Bunn HF, May MH, Kocholaty WF, et al:
for normal clotting, as it is possible to obtain. ?Cmog}i%bi;l{fangtfoligglgswml bloed. J Clin

o s PR —_— nvest 48: 21,
Ther.e fore, it ’s. eﬂ:ectne ln.prE\enFmg (or 5. Bunn HF, Jandl JH: Control of hemoglobin
treating) complications associated with mas- function within the red cell. New Eng J
sive transfusion of bank blood in small infants. Med 282:1414-1420, 1970

Surgery

MEDIASTINOSCOPY Positive diagnostic results were obtained in 13 of 32
patients who underwent mediastinoscopy. Although local anesthesia may be used,
general anesthesia with tracheal intubation improves the accuracy and safety of the
procedure. Any severe systemic disease or any disease that would preclude anes-

thesia is a contraindication to mediastinoscopy.

Complications of mediastinoscopy

include hemorrhage, air embolsm, vocal-cord paralysis, pneumothorax, mediastinitis
and tracheal injury. (Cooley, J. E., and Houseworth, ]. H.: Mediastinoscopy: In-
dication, Technique and Results, Papers of Carle Clinic and Foundation 23: 3 (Jan.)

1970.)

FUTURE OPERATING ROOMS In the new surgical complex at Ilinois
Masonic Medical Center in Chicago, a patient scheduled for elective surgery will
have routine preoperative preparation as an outpatient and will be admitted directly
to one of the preoperative beds the night before operation, rather than being assigned
to a regular bed in the hospital. The day of operation, the patient will be trans-
ported to 2 holding area, from which he will subsequently enter the operating suite
through the “front” access door. The staff—surgeons, surgical nurses, anesthesiolo-
gists, and orderlies—will enter their shower-locker—lounge area on the third floor,
dress for surgery, exit to 2 common vestibule and then to a staircase which serves
the third- and second-floor clean core only, and finally will enter the operating suite
through its “back” door. Ten of the operating rooms will be fitted with floor
pedestals located close to the table, eliminating the usual tangle of cords and hoses.
These pedestals will contain nonflammable gases, physiologic monitoring devices
with leads to a remote master screen, electrocautery equipment with remote control,
water, compressed air, and electrical power with standard voltage. None of these
rooms will require conductive flooring or explosion-proof outlets, since no flammable
gases will be used in them. The few remaining rooms will be fitted in the conven-
tional manner for teaching and research purposes. At the end of each work day,
all large equipment such as tables, tray stands, etc., will be disinfected in the op-
erating room and moved to a station in the outer-ring corridor, where the equipment
will be washed with decontaminant. Detailed planning has gone into the systems
for ventilation, equipment supply, waste disposal, and communications and into the

design for the recovery room and intensive care units.

(Hix, A. M., and Beck, R. M.:

Surgeries for the 1970’s, Mod. Hosp. 114: 85 (Jan.} 1970.)
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