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The development of pulmonary edema in
surgical patients has been the subject of two
reviews %2 and several reports.>$ Masson?
noted that the condition occurs infrequently.
Adriani et al.? reported that it may be precxpl-

thoracic vertebrae, and insertion of a Harrington
rod, were performed. Anesthesin, which lasted
four Imurs and 43 minutes, was conducted with
thi 1 i 150 mg, inylcholi 40
mg, and halothane, cndotmc]\callv given with
mtcrmlltcut positive-pressure brmt.hmg (LPP.B.)

Blood was unobtainable on

tated in patients with no evidence of
disease. Analysis of these reports reveals that
pulmonary edema followed blood transfusion
in two patients %% and that vasodilatntion pro-

th 1 of bleedi The vol
of b]ood lost and blood and fluid rcpl.xccmcnt re-
quired to maintain systolic pressure above 75 mm
Hg are slmwn in table 1. Approximately two

1 41

thirds: th fused blood was warmed be-

duced-by
zamine was used successfully twice.>* The
use of trimethaphan in the treatment of pul-
monary edema has been reported for medical
patients only.?-1

This is a report of the etiology and treat-
ment of pulmonary edema in four young sur-
gical patients, free of cardiovascular disease,
in whom the condition followed blood loss and
replacement, and in whose treatment trimetha-
phan was used.

honiumr—and: yn\,uu Xy ben:

Patient 1. A 12-year-old girl was admxtted for

fore admxmstr:mon

On admission to the recovery room at 12:35
pam. the rectal temperature was 34.3 C. During
the next hour, profound cyanosis, marked lower
thomcic inspiratory retraction, and expiratory
straining  developed, and rales became audible
throughout both lung fields. The extremities
were severely vasoconstricted. In view of the
severe pulmonary edema the endotracheal tube
was reinserted at 1:55 p.m. Oxygen was admin-
istered by I.P.P.B., and trimethaphan, 5 mg, was
injected intravenously at 2:20 p.m. There was a
transient fall in systolic pressure from 120 to 80
mm Hg, a maintained fall in the central venous
from 37 to 24 em H:0, and a decrease

surgical correction of marked
scoliosts. There was no evidence of mrdmvascul:u'
diseasc.t After application of a Risser localizer
cast 22 days prior to surgery, the vital capacity
fell from 1,060 ml to 600 ml (20 per cent of pre-

dicted vnlue)

Prior to anesthesin the patient was cx!remelv
frigh d, wil ricted ext i Mul-
tiple I jes and c ies of three fused
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The authors are aware that scoliosis of this
severity can cause hemodynamic abnormalities.2*

in the pulmonary edema and vasoconstriction.
The bladder was catheterized at 3:00 p.n. and
500 ml of urine were obtained. The pulmonary
edema abated steadily with two additional doses
of trimethaphan, 2.5 mg, and the endotracheal
tube was removed at 5:30 p.m., at which time
the lungs were free of rales. At 6:30 pam., in
arterial blood drawn while the patient was
breathing humidified oxygen by mask, Pao, was
308 mm Hg, Paco. 44 mm Hg, pH 744.

Because of the low urinary output (table 2)
100 ml of whole blood were administered, but
the transfusion was discontinued when the central
venous pressure rose from 15 to 19 em H.O. At
1:00 am. central venous pressure was found to
have fallen to 3 cm H.0, and administration of
300 ml whole blood resulted in a urinary output
of 200 ml in one hour. Blood requirements and
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Tanre 1.  Courses of the Patients before Onset of Pulmonary Edema

Fluid Administered
Patient | Weight (k) | Tenmstoortt Blood loss mo'«: 1
(per cent) @ | Dextran ub) | Saline () | Water o)
1 42 415 5,225* 7,500 -_— 1,900 —_
W.B.
2 33 38 5,900* 6,000 - — 250
W.B.
3 —_ 27 7,500 9,000 500 — 2,300
: W.B.
4 —_ 3 2,500 3,500 500 1,250 200
W.B
* Mo 1 by ges and packs, and by measuring the volume of blood in the suction

apparatus; did not mcludc the blood in the wound or on the surgical drapes.

hematocrit values, in the ab of overt h
rhage, are shown in table 2.

Patient 2. A 13-year-old girl was admitted for
surgical correction of moderate paralytic thoracic
scoliosis. There was no evidence of cardiovascu-
lar disease. The vital capacity was 1,790 ml (76
per cent of predicted value). A Risser localizer
cast was applied seven days prior to surgery.

Insertion of a Harrington rod and spinal fusion
were performed. Following awake nasotracheal
intubation, nnsthcsm, w]uch lasted ﬁve houxs and
15 mi d d with so-
dium, 125 mg, ]la]othnne and nitrous oxide, with
LP.PB. throughout. The volume of blood- lost
and blood and fluid replacement required to main-
tain systolic arterial pressure above 70 mm Hg
are shown in table 1. The transfused blood was
cold.

Pulmonary edema developed on the way | to the

fetus deli d at 3:04 p.m. The systolic arterial
pressure was 105 mm Hg on discharge from the
recovery room at 9:25 p.an., but at 6:00 am. it
bad fallen to 80/50 mm Hg and the abdomen was
markedly di: ‘The tocrit had fallen
from 32 per | cent to .3 per cent.

A left fi 1
because of bleeding “from the area of the left
ovary. This anesthesia lasted two hours and 30
minutes and was ds d with
with LP.P.B. throughout. The volume of blood
lost and blood and fluid replacement required after
admission are shown in table 1. The transfused
blood was cold.

On admission to the recovery room at 10:45
a.m. the patient was plethoric and cyanotic, with
rales throughout both lung fields. Radiologic ex-
amination at 11:15 am. revealed pulmon:m'
edema. Trimethaphan, 5 mg, was given intra-

recovery room at 1:00 pm. Trimetl 35
mg, was injected intravenously at 1:05 p.m. and
oxygen was administered by LP.P.B. via the endo-
tracheal tube. Two additional doses of trimetha-
phan, 5 mg and 10 mg, were given, and at 1:15
pam. the systolic arterial pnssure had risen from
80 mm Hg to 115 mm Hg. At 1:25 pm. the lungs

Iy at 11:40 a.n. The systolic blood pres-
sure rose from 90 mm Hg to 120 mm Hg at 11:45
am. At 11:50 am. a venesection was performed
but was discontinued after only 300 ml blood had
been removed. Additional doses of trimetaphan,
and a single dose of hexamethonium, 10 mg, in-
jected intravenously at 12:05 p.m. resulted in dis-

were free of rales, and at 3:00 p.m. the rectal of the v edema. Radiologic
temperature was 33.0 C. At 6:00 p.m. the ar- examination at 7 00 p.m. revmled mild conges-
terial pressure had fallen to 90/60 mm Hg, but tive c} with a d y edema.
rose to 110/60 mm Hg after transfusion of 500 ml ‘There was a high urinary output, and no further
whole blood. Blood req: and h it lood t i were to in the
values, in the absence of overt h 1 are tocrit (table 2).

shown in table 2. Patient 4. An 18-year-old woman was admmed,

Patient 3. A 20 1d, 32-weeks-p t Lhrce hours and 30 mi after an

woman was admitted for luation 30 mi with severe facial lacerations, a com-

after an autemobile accident. There was no evi-
dence of cardiovascular disease. A nasal fracture
was diagnosed but no evidence of uterine d

pound comminuted fracture of the nasal bones,
a commmuted fracture of the right femur, and a

vaginal bleeding or fetal distress was found. Four
hours later, the fetal heart was noted to be irregu-
lar. Cesarean section and hysterectomy were per-
formed under endotracheal cyclopropane anes-
thesia which lasted three hours. Premature sepa-
ration of the placenta was found and a stillbom

inuted fracture of the nghl: tibia.

There was no evid
Primary closure of the facial Iacerations, open
reduction of the nasal fracture, and insertion of
a K wire into the right tibial tuberosity were per-
formed. Anesthesia was induced and intubation
performed, with divinyl ether and dicthyl ether
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administered by the open-drop technique, because

it was not possible to apply a mask to the face,

and because the hysterical condition of the pa-

tient would not allow awake intubation. Anes-

thesia, which lasted two hours and 55 minutes,

was maintained with diethyl ether and nitrous
N + Y

oxide, with sp fon
The volume of blood loss and blood and fluid
1 ired after the accident are shown

in table 1. The transfused blood was cold.

At 2:12 am., during preparation for removal
of the endotracheal tube, large amounts of pink
frothy fluid were obtained on endotracheal suc-
tion, and rales were noted throughout both lung
fields. ‘The initial t of the pul y
edema consisted of: oxygen administered by
LP.P.B.; reverse Trendelenberg position; amino-
phylline, 300 mg, digoxin, 0.5 mg, and mercu-
hydrin, 2 ml, all given intravenously; and rotat-
ing i B the resp was only
fair, 1,100 m! blood were removed by venesection
at 2:45 am, This resulted in a fall in the arterial
systolic pressure to 75 mm Hg and a dramatic
but only y imp in the pul Yy
edema. Trimethaphan, 2 mg, was therefore given
intravenously at 3:15 a.m., followed by an addi-
tional dose of 1 mg. Morphine sulfate, 6 mg, was

dmini d sul ly, and a second dose
of digoxin, 0.5 mg, intravenously, and at 3:50
am. a third dose of trimethaphan, 1 mg, was
given. The pulmonary edema abated steadily.
Radiologic examination of the lungs at 4:30 am.
revealed an unusual type of pulmonary edema,
the appearance suggesting diffuse fat embolization.
At 5:15 am. the endotracheal tube was removed.
At 6:00 am. the lungs were free of rales except
at the bases, and by 9:45 am. they were com-
pletely free of rales. There was a high urinary
output, and no further blood transfusions were
required to maintain the hematoerit (table 2).

DiscussioN

Luisada 3 has stated that in the pathogene-
sis of pulmonary edema three main mecha-
nisms should be considered: decreased colloid
osmotic pressure of blood; distention of pulmo-
nary capillaries; and increased permeability
of pulmonarv capillaries. Distention of pul-
monary capillaries is believed to have been of
prime importance in each of our patients.
Adriani et al?® stated that pulmonary edema
is seldom due to one factor alone, and sug-
gested six precipitating factors: incomplete
cardiac emptying; shift of blood from the pe-
riphery to the pulmonary vascular bed; circu-
Jatory overload; negative pressure on the air-
way; idiopathic; and injury to the alveolar
membrane. Although it is difficult to differ-
entiate clinically among them, either circula-

Courses of the Patients after Pulmonary Edema
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TasLe 3. Possible Causes of Systemic Vascoconstriction in the Four Patients
Hypovolemia
Patient Fear Cold Bladder Distention
Blood Loss Bed Rest
1 Yes Yes Yes Yes Yes
2 Yes No Passible Yes Neo
3 Yes No Possible Possible No
4 Yes No Yes Possible I No

tory overload, or systemic vasoconstriction °
leading to a shift of blood from the periphery
to the pulmonary vascular bed, or both, were
felt to have precipitated the pulmonary edema
in the patients presented.

The first patient received 54 ml/kg more
blood than the measured loss (table 1). How-
ever, the low initial urinary output and hema-
tocrit, the absence of overt hemorrhage, the
ultimately low central venous pressure, and
subsequent blood requirements (table 2), in-
dicated that this patient was hypovolemic at
the time of the pulmonary edema. The second
patient received almost exact replacement of
the measured blood loss (table 1), and also
presented evidence of hypovolemia during the
postoperative course {table 2). Because of
the problem of evaluating blood loss upon
opening the uterus of the third patient, and
because of the injuries in the fourth, the blood
losses of these patients could only be esti-
mated (table 1). However, both patients had
high initial urinary outputs and hematocrit
values (table 2) and could maintain satisfac-
tory hematocrit values without further blood
transfusion, and following removal of 300 ml
blood by venesection from the third patient
and 1,100 ml from the fourth. These re-
sponses indicate that the latter patient was
markedly hypervolemic, the former probably
hypervolemic but to a lesser degree, at the

® The term systemic vasoconstriction is used,
throughout this report, to refer to a_condition in
which there is active contraction of the smooth
muscle in the walls of the systemic venous ca-
pacitance vessels and the walls of many systemic
arteriolar resi vessels, 1l d to
result from generalized sympathetic nervous sys-
tem activity. The authors recognize that there is

id that a rictor <P fit?:a'v be
elicited predominantly in one or other of the two
sets of \P&els mentioned, not necessarily in both
to a similar extent at the same time

time of the pulmonary edema. Therefore, al-
though systemic vasoconstriction was consid-
ered a precipitating factor in all four patients,
the evidence indicates that it was predominant
in the first two only. That all four patients
were young adults is of interest because this
age group is said to possess increased vasocon-
strictor tone.?> The other possible causes of sys-
temic vasoconstriction 2¢-2* or hypovolemia 2
leading to p
the patients are listed in table 3.

In laboratorv experiments, Sarnoff and his
co-workers -2 have demonstrated that sys-
temic vasoconstriction leads to a shift of blood
from the peripheral to the pulmonary vascular
bed, the shift due to systemic venoconstriction
and increased arteriolar resistance. During
treatment of induced pulmonary edema with
trimethaphan, data indicating the importance
of the shift of blood back from the pulmonary
to the peripheral circulation, owing to both
systemic venodilatation and to decrease in left
ventricular work, were also obtained.

Evaluation of the four case histories re-
veals that pulmonary edema was rapidly re-
versed by trimethaphan and reinstitution of
LP.P.B. in the first two patients, and by tri-
methaphan and removal of a small volume of
blood by venesection in the third. In the
fourth patient the pulmonary edema was ini-
tially treated by multiple methods, including
removal of a Jarge volume of blood by vene-
section, with slow improvement. Ultimate im-
provement followed administration of tri-
methaphan. Finlayson et al.** have also noted
the rapid and dramatic response of pulmonary
edema to vasodilatation in comparison to the
much slower imp t with intr
morphine, oxygen, and venous tourniquets.

Although the incidence of pulmonary edema

¥ riction *! in
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in the operating room and in the recovery
room is low,? atl to avoid sy ic vaso-
constriction and circulatory overload should
reduce this complication even further. The
sooner blood loss is replaced the better is the
chance of avoiding systemic vasoconstriction.
The féss a patient is emotionally disturbed, the
less chance there is of fear-induced systemic
vasoconstriction. Egbert et al?® found that
doctor—patient rapport established by the pre-
operative visit was more likely to cause the
patient to be calm on the operative day than
the use of pentobarbital without such a visit.
The smaller the volume of blood administered
cold, the less chance there is of inducing hy-
pothermic systemic vasoconstriction. Morris
and Trachtenberg>* recently obtained data
that indicates that transfusion of warmed
blood leads to a reduction in peripheral re-
sistance, whereas transfusion of cold blood in-
creases this parameter. Avoidance of over-
distention of the bladder will eliminate sys-
temic vasoconstriction from this cause. Situa-
tions are going to develop, however, when the
ideal cannot be achieved, and post-transfusion
pulmonary edema will continue to be a rare
but spectacular and serious complication of
the operative period.

Sarnoff et al.* have noted that the advan-
tage of using an intravenous infusion of tri-
methaphan to achieve systemic vasodilatation
is that it provides a qualitative method of di-
minishing peripheral resistance in a promptly
controllable manner. Single injections of the
drug were used in the four patients presented
partly because of personal preference and
partly because it was felt that once the vaso-
constriciton had been eliminated it might not
recur; a supposition that proved correct. The
short duration of action of trimethaphan is
considered a significant advantage because it
ensures that if excessive hypotension develops
it will be short-lived.>s

Samoff and Berglund 2¢ compared the hemo-
dynamic effects of trimethaphan, 0.04 to 0.05
mg/kg, intravenously with those of removal of
200 ml blood by venesection in the treatment
of pulmonary edema in dogs. The two meth-
ods resulted in similar reductions in left atrial
and vena caval pressures. However, in con-
trast to the results of venesection, trimethaphan
achieved this with an increase in systemic
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blood flow and a decrease in the external work
performed by the left ventricle. In ten pa-
tients with low-output congestive failure, Sobol
et al.*® found that trimethaphan lowered vas-
cular pressures in all patients while increasing
cardiac output, without increasing cardiac
work in eight. In-one patient reported by
Finlayson et al®* there was a similar hemo-
dynamic response to reversal of pulmonary
edema by hexamethonium. These data, the
results achieved in the patients presented, and
the ready availability in the operating room of
the conditions essential for use of a vasodila-
tor suggest that serious consideration should
be given to the use of trimethaphan in the
treatment of post-transfusion pulmonary edema
in surgical patients.

Svaaary axp CONCLUSIONS

The experience gained in the treatment of
post-transfusion  pulmonary edema in four
voung surgical patients, frec of cardiovascular
disease, has been reported.

Systemic vasoconstriction was considered a
precipitating factor in all four patients, but
predominant in only two. Circulatory over-
load was considered the predominant precipi-
tating factor in one patient. The possible
causes of systemic vasoconstriction included
blood loss, bed rest, fear, hypothermia, and
distention of the bladder.

Data relating to the mechanism whereby
systemic vasoconstriction leads to a shift of
blood from the peripheral to the pulmonary
circulation have been reviewed. Both systemic
venoconstriction and increased arteriolar re-
sistance are considered to be factors, and
vasodilatation therapy with trimethaphan is
considered to reverse both processes.

Pulmonary edema was rapidly reversed by
trimethaphan and reinstitution of LP.P.B. in
two patients, and by trimethaphan and re-
moval of a small volume of blood by venesec-
tion in another. In the fourth patient it was
not possible to be certain to what extent the
trimethaphan had been effective.

It is suggested that attempts to avoid sys-
temic vasoconstriction and circulatory over-
load be made, but when post-transfusion pul-
monary edema does develop, serious consid-
eration should be given to the therapeutic use
of trimethaphan.
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