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OPEN HEART surgery is rapidly increasing
in volume throughout the world. Moreover,
extracorporeal perfusion technics are being
increasingly employed for treatment of
aortic aneurysms, renal failure, and certain
types of advanced malignancies. Since sys-
temic heparinization is usually necessary
for these procedures, the need for more
adequate and efficient drugs for heparin
neutralization has become paramount.

Polybrene, a quaternary ammonium salt
with the empirical formula (C,,H,,Br,N, )x,
has been evaluated for its heparin natural-
ization effects by Preston and coworkers & 7
and subsequently by Weiss et al.® The lat-
ter group compared the effects of polybrene
and protamine sulfate in improving the co-
agulation times of heparinized patients and
concluded that polybrene was more effec-
tive.

The clinical study herein reported has
surveyed the effectiveness of polybrene in
50 unselected consecutive patients upon
whom open heart surgery was performed
at the University of Minnesota Heart Hos-
pital and compares them to an immediately
previous consecutive group of 50 patients
in whom heparin neutralization was carried
out by means of protamine sulfate, utilizing
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the quantity of postoperative chest drain-
age as the principal means for comparison.

Experimental Studies with Polybrene

In order to explore any possible or po-
tential sources of complications with the
use of polybrene as well as to determine its
safety range, a series of animal experiments
was carried out. These were planned to de-
termine specifically the acute and delayed
effects of rapid intravenous injection of
large dosages undiluted into heparinized
animals.

Method of Study

Seven mongrel dogs weighing six to 15
kilograms received 1.5 mg. heparin per kg.
of body weight. After ten minutes to al-
low complete mixing of the heparin, poly-
brene was given intravenously, undiluted
(10 mg. per cc.), as rapidly as it could be
injected in dosages equal to four, six, and
eight times the amount of heparin given.
Three dogs received 6 mg. polybrene per
kg. of body weight, two received 9 mg.
polybrene per kg. of body weight, and two
dogs received 12 mg. polybrene per kg. of
body weight. The dosage recommended by
Weiss and co-workers was 1 mg. polybrene
for each mg. of heparin. In the described
clinical series, we have generally given poly-
brene, 2 to 2.5 mg., per kg. of body weight.

Results

No animals were anesthetized, and while
no measurements of blood pressure were
made, there were no discernible acute sys-
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temic effects from this rapid injection of
these grossly excessive doses of polybrene.

All animals were then placed in a meta-
bolic cage and urine was quantitatively col-
lected for four days. The amounts were re-
corded, specific gravity measured, any gross
abnormalities looked for, and a complete
urinalysis performed on the pooled spec-
imens from each 12-hour collection interval.
All of these studies were within normal
limits. Blood nitrogen studies were done
on one animal in each dosage group pre-
injection and 12 hours post-injection and
these determinations were all normal. The
plasma hemoglobin was measured in each
animal immediately after injection and 24
hours later and there were no significant
changes found.

Finally, the animals demonstrated no evi-
dence of delayed toxicity and when sacri-
ficed two weeks later there were no gross
pathologic changes observed.

Weiss et al.8 have advised that polybrene
be administered intravenously slowly (over
a 10 to 15 minute interval) and in dilute
concentration. This recommendation cer-
tainly is a judicious policy with any intra-
venous medication of a potent nature. The
experimental studies herein undertaken and
reported are not intended to alter that pol-
icy, but rather to provide additional infor-
mation upon the margin of safety existing.
Also, prior to these studies we had raised
the question as to whether there might be
any danger of intravascular clotting with
consequent micro- or macro-embolization,
if polybrene was given very rapidly to hep-
arinized patients. This appears to be un-
likely from the experimental studies re-
ported.

Method of Clinical Study

Fifty patients had open heart surgery
performed between February 17, 1958, and
June 23, 1958, and all were treated upon
completion of cardiopulmonary bypass,
with polybrene to counteract the effects of
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heparin. The helix reservoir bubble oxygen-
ator and Sigmamotor pump 3 were utilized
in all 50 cases.

The preceding 50 patients, operated upon
between September 23, 1957, and February
16, 1958, were treated with protamine sul-
fate to neutralize heparin. Of these, 48 were
operated upon utilizing the helix reservoir
bubble oxygenator and Sigmamotor pump
and in two patients a film type oxygenator
with roller pumps was utilized.

In these two groups, the charts were
thoroughly reviewed, the patients’ ages,
weights, and diagnoses recorded. The chest
drainage, measured during the first 12
hours, the first 24 hours, and the second 24
hours following surgery, was recorded and
the number of cubic centimeters of drain-
age per kg. body weight was calculated.

In patients who received protamine sul-
fate, the drug was administered in a dos-
age of 2 mg. per mg. of heparin given to
the patient. The drug was given intrave-
neously slowly in divided doses to prevent
the sequela of hypotension.

Those patients receiving polybrene had
the drug administered in a dosage range
of 1 to 2 mg. of polybrene per mg. of
heparin given to the patient. The drug was
diluted to contain 1 mg. per cc. of 5 per
cent glucose in water and given intrave-
nously slowly, over a 10-minute period as
recommended.?

In all patients, heparin was administered
intravenously in a dosage of 1.5 mg. per kg.
of body weight for infants and children and
2.0 mg. per kg. of body weight for adults.”

# Since submission of this paper we have in-
creased our routine dose of heparin for initial pa-
tient heparinization in open heart procedures to
3.0 mg./kg. body weight if the perfusion is deemed
likely to last less than 60 minutes and 4.0 mg./kg.
body weight for those longer than 1 hour. The
priming blood in the oxygenator contains, in addi-
tion, 20 mg. heparin per 500 cc. Polybrene is ad-
ministered on the basis of 4.0 to 5.0 mg./kg. body
weight.
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‘TABLE 1. Diagnosis in the Two Groups of Patients Under-
going Open Heart Surgery and Receiving Polybrene
or Protamine for Heparin Neutralization

Protamine  Polybrene

Admin- Admin-

Diagnosis istered istered
Ventricular septal defect 16 27
Atrial septal defect 10 6
Tetralogy of Fallot 12 3

Pulmonary stenosis

(infundibular and valvular) 3 7
Mitral insufficiency 5 1
Aortic insufficiency 1 2
Mitral stenosis 1 0
Aortic stenosis 1 0
Atrioventricularis communis 1 3
Left ventricular aneurysm 0 1
Total 50 30

Distribution of Patients

In both groups studied, a variety of con-
genital and acquired heart lesions were
treated by open heart surgery (Table 1)
but congenital lesions were predominant.
In the polybrene group, 11 were adults and
39 were children and in the protamine
group, 19 were adults and 31 were chil-
dren. The age range in the polybrene group
was 2 to 65 years with an average of 13
years. In the protamine group, the range
was 2 to 44 years with an average of 15.4
years. The average body weight of those
treated with polybrene was 39.5 kg. with a
range of 8.8 kg. to 65.8 kg. In the protamine
group, the average body weight was 34.1
kg. with a range of 8.8 kg. to 49.4 kg.

Results

In patients having a thoracotomy, whether
for a procedure requiring heparinization or
not, it has been observed that the chest
drainage postoperatively during the first 12
hours will usually be almost pure blood,
from 12 to 24 hours sanguineous with a
hemoglobin content of 6 to 7 Gm. per cent,
and from 24 to 48 hours serosanguineous
with an average hemoglobin content of 2
to 4 Gm. per cent.

Chest drainage in the first 12 hours in the
50 patients undergoing open heart pro-
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ize heparin, averaged 11.34 cc. per kg. of
body weight with a range of 3.5 to 25.6 cc.
per kg. During the first 24 hours the drain-
age averaged 16 cc. per kg. of body weight
with a range of 7.7 to 33.5 cc. per kg. of
body weight. In the second 24 hours in this
group, the chest drainage averaged 6.6 cc.
per kg. of body weight with a range of 1.7
cc. to 22.8 cc. per kg. body weight.

In the group of patients, otherwise similar
but who received protamine sulfate, the
chest drainage during the first 12 hours
averaged 18.04 cc. per kg. of body weight
with a range of 5.9 to 55.6 cc. per kg. Dur-
ing the first 24 hours the average was 24.6
cc. per kg. of body weight with a range of
7.5 to 71.3 cc. per kg. of body weight. Dur-
ing the second 24 hours the chest drainage
averaged 13.0 cc. per kg. of body weight
with a range of 1.0 to 42.7 cc. per kg. of
body weight. These results for the two
groups are summarized in Table 2.

These comparative results may also be
expressed in another way. In the group
which received protamine, 64 per cent of
the patients had an average chest drainage
of 20 cc. per kg. of body weight or less in
the first 12 postoperative hours, 52 per cent
in the first 24 hours, and 62 per cent in the
second 24 hours. Moreover, 84 per cent of
the protamine-treated patients had 30 cc.
per kg. or less in the first 12 hours and 70
per cent in the first 24 hours.

In the polybrene group, 92 per cent had
20 cc. per kg. of body weight or less in the
first 12 hours, 74 per cent in the first 24
hours, and 92 per cent in the second 24
hours. All had 30 cc. or less in the first 12
hours and 94 per cent in the first 24 hours.
Thus, in every category the amount of post-
operative chest drainage averaged less in
the polybrene-treated group.

It is evident from an examination of Ta-
ble 1 that the diagnoses for which the open-
heart procedures were carried out were not
strictly comparable in the polybrene- and
protamine-treated groups. Therefore, to in-



Annals of Surgery

LILLEHEI, STERNS, LONG AND LEPLEY
January 1960

14

TABLE 2. Comparison of Postoperative Chest Drainage in 100 Patients Heparinized for Open Heart Operations
and Treated Postperfusion with Polybrene or Protamine Sulfale

No. of Patients

Polybrene Protamine
Chest Drainage First First Second First First Second
(cc./kg. body wt.) 12 hrs. 24 hrs. 24 hrs. 12 hrs. 24 hrs. 24 hrs.
0-10 30 12 34 17 12 19
11-20 16 25 12 15 14 22
21-30 4 10 4 10 9 6
31-40 0 3 0 4 7 2
41-50 0 0 0 2 5 1
51-60 0 0 0 2 2 0
61-70 0 0 0 0 1 0
Average range 11.34 16.00 6.60 18.04 24.60 13.00
(3.5-25.6) (7.7-33.6) (1.7-22.8) (5.9-55.6) (7.5-71.3)  (1.0-42.7)
Total No. of Pts. 50 50 50 50 48 48

vestigate whether this fact might have had
any significant influence upon the results
obtained, the data for the two commonest
lesions (atrial and ventricular septal de-
fects) in the two series was compared in
Table 3. Again it may be seen that the post-
operative chest drainage for the polybrene-
treated patients averaged consistently less.

In the group of patients receiving poly-
brene, no instance of severe postoperative
bleeding occurred causing concern or con-
sideration of return to the operating room for
evacuation of clots and further hemostasis.

In the protamine group, two patients died
within 24 hours after completion of the sur-
gical procedure. In both of these patients
the sustained-bleeding effects appeared to
have contributed to the failure to survive.

Case 1, a 14-year-old white boy, deeply cy-
anotic, who weighed 34.0 kg., was operated upon
for repair of severe isolated infundibular and valvar
pulmonic stenosis (patent foramen ovale) on De-
cember 27, 1957, utilizing the helix reservoir bub-
ble oxygenator. At the time of surgery the right
ventricular pressure dropped from 155/0 mm. Hg,
before correction, to 60/0 mm. Hg afterwards. He
was returned to the recovery room in good condi-

TABLE 3. Comparison of Heparin Neutralizing Agents Upon Postoperative Chest Drainage in 59 Patients
Undergoing Corrective Surgery with the Pump-Oxygenator

Average (Range) with Postoperative Chest Drainage

(cc./kg. body wt.)

Polybrene Protamine Sulfate
Diagnosis 12 hrs. 24 hrs. 12 hrs. 24 hrs.
Ventricular septal defect 7.7 154 12.2 19.3
(3.4-25.6) (4.4-31.8) (4.2-24.0) (9.8-28.5)

27 Patients

12.6
(8.0-19.3)

Atrial septal defect

16 Patients

18.7
(11.5-33.6)

14.5
(7.5-19.3)

21.9
(12.1-32.4)

6 Patients

10 Patients
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tion but during the next 5 hours 859 cc. of drain-
age occurred from the chest tubes. The blood loss
was continually replaced but he expired suddenly
of cardiac arrest at 10:00 p.m. on the day of sur-
gery. Autopsy revealed 600 cc. of blood in the
right chest which had not been visualized in a
roentgenogram taken within 30 minutes of death.

Case 2, a 3-year-old white girl who weighed
13.1 kg., was operated upon for repair of a ven-
tricular septal defect on January 22, 1958, utilizing
a rotating film type oxygenator with nonocclusive
roller pumps. The patient entered the recovery
room at 3:00 p.m., after an operation which was
without incident. By 7:00 p.m. it was noticed that
the quantity of bleeding from the chest tubes was
definitely abnormal and during the next four hours
the patient lost 614 cc. by this route. Fibrinogen
and calcium gluconate were given without ap-
preciable benefit. Serial chest roentgenograms at
midnight for the first time showed the right chest
to contain a significant amount of fluid and shortly
thereafter while preparations were being made to
reopen the chest, cardiac arrest occurred. The
chest was opened and blood replacement and car-
diac resuscitation instituted but to no avail. At
autopsy, no definite bleeding source could be
identified.

Discussion

In these patients the results of the use of
polybrene to neutralize heparin have been
very satisfactory. The quantity of sanguine-
ous chest drainage postoperatively has been
consistently less in the polybrene-treated
group. This fact is of importance even when
the quantities involved are not excessive
because the replacement blood usually
available from the blood bank is very
acid.* Thus, the administration of blood
can be a significant factor contributing to
postoperative acidosis when the amounts
are large or rapid administration is neces-
sary. Moreover, we have found that the
range of bleeding following operation has
been narrowed in those receiving polybrene
and the occasionally excessive amounts re-
corded in the protamine group have been
generally avoided. Inasmuch as all of these
patients were operated upon by the same

* The usual banked venous blood stored in acid
citrate dextrose solution often has a pH of 6.8 to
7.0.
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surgeon using technics that had become
generally standardized in 400 similar pro-
cedures prior to the onset of this study and,
in all but two patients, using the same
pump-oxygenator, the results would ap-
pear to corroborate completely the conclu-
sion of Weiss, Gilman, Catenacci, and
Osterberg ¢ that polybrene is a more effec-
tive heparin-neutralizing agent than prota-
mine sulfate for patients undergoing open-
heart operations.

However, careful analysis of the data
herein presented, as well as that of Weiss
et al., indicates that there is a wide area
of overlap in the effectiveness of these two
heparin-neutralizing agents. This observa-
tion serves to emphasize that the most im-
portant factor of all in minimizing post-
operative bleeding in perfusion patients is
meticulous hemostasis. Of importance, also,
are a number of factors previously empha-
sized related to the extracorporeal circuit
through which the blood may circulate for
long intervals such as carefully designed
adaptors, connectors, and filters,> + 7 dispos-
able heat sterilizable plastic oxygenators
and tubing,® and thoughtfully designed and
adjusted pumps.®? Moreover, the choosing
of blood donors and cross-matching tech-
nics is worthy of more attention than is
sometimes exercised in nonperfusion opera-
tions to avoid incompatibility reactions.

With attention to these factors, bleeding
following systemic heparinization for open-
heart surgery has not been a common prob-
lem in our experience. However, the occa-
sional individual who bleeds in abnormal
amounts following operation poses a very
serious problem, and a few words about
management are indicated here. The nat-
ural tendency under these unpleasant cir-
cumstances is to procastinate in the hope
that the losses will slacken. However, to do
this is to court disaster from a number of
sources, such as metabolic acidosis, citrate
intoxication, shock, inadequate ventilation,
respiratory acidosis, and cardiac arrest. The
most effective treatment, as we have previ-
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ously sought to emphasize,! is the return of
the patient to the operating room as soon
as the excessive bleeding has become evi-
dent, and while his clinical condition is still
good, reopen the chest, evacuate the clots,
and locate the bleeding sources.

Since the conclusion of this clinical study,
we have continued to use polybrene ex-
clusively and our experience with it now
exceeds 400 patients. The benefits of poly-
brene have been particularly noticeable in
two types of patients rather commonly en-
countered; namely, those with extensive in-
trathoracic adhesions, either from previous
surgery or from inflammatory episodes, and
in the deeply cyanotic individuals with
markedly abnormal clotting mechanisms.
With due attention to the other factors al-
ready mentioned these patients can be
heparinized and perfused for periods ex-
ceeding two hours in our experience, with
complete freedom from concern about ex-
cessive postoperative bleeding.

Summary

1. One hundred consecutive unselected
patients, upon whom open-heart surgery
had been performed by perfusion technics,
had heparin neutralization with protamine
sulfate and polybrene (50 patients each).

2. Evaluation of the chest drainage dur-
ing the first 12-hour periods revealed an
average of 11.34 cc. per kg. of body weight
in those treated with polybrene and 18.04
cc. per kg. in those treated with protamine.

3. Ninety-two per cent of the patients
treated with polybrene had chest drainage
of 20 cc. per kg. of body weight or less dur-
ing the first 12 hours; whereas only 64 per
cent of those treated with protamine had
drainage below this amount.

4. No single case of hemorrhage follow-
ing open-heart surgery caused death or the
necessity of returning to the operating
room for further hemostasis, in the 50 pa-
tients treated with polybrene. In the group
treated with protamine two patients died,
and in both of these, hemorrhage was
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thought to have contributed importantly
to the cause of death.

5. These studies indicate that polybrene
is a more effective agent than protamine
sulfate for neutralization of heparin follow-
ing open-heart surgery. However, it is im-
portant to emphasize that no heparin-neu-
tralizing agent, presently known, will com-
pensate for deviations from meticulous
hemostasis and carefully designed, heat
sterilized disposable perfusion equipment
for handling the extracorporeal blood flow.
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