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Systemic Anaphylaxis Associated with Intramammary Isosulfan
Blue Injection Used for Sentinel Node Detection under General

Anesthesia
Michael A. Lyew, M.D.,* Thomas C. Gamblin, M.D.,† Macram Ayoub, M.D.‡

IDENTIFICATION of the sentinel lymph node, a marker
for metastatic disease, is used increasingly for the surgi-
cal management of melanomas and tumors of the head
and neck, breast, thyroid, and genitourinary and gastro-
intestinal tracts.1 Isosulfan blue (Lymphazurin; Ben
Venue Laboratories, Bedford, OH) is the agent most
commonly used, occasionally in conjunction with tech-
netium sulfur colloid. Allergic reactions to this dye were
reported previously during lymphangiography.2,3 We re-
port a systemic reaction associated with use of isosulfan
blue for detection of the axillary sentinel node in breast
cancer.

Case Report

A 48-yr-old woman was scheduled to undergo excision of a ductal
carcinoma of the left breast and sentinel node biopsy. She had no
history of drug or food allergies, hay fever, or bronchial asthma. Two
hours before surgery, 1 mCi technetium sulfur colloid was injected
near the lump. Two milligrams midazolam was administered intrave-
nously for premedication.

Anesthesia was induced using 100 mg propofol, 20 mg sufentanil,
and 30 mg rocuronium and maintained using isoflurane in nitrous
oxide and oxygen after tracheal intubation. Vital signs were stable,
with a blood pressure of 120/60 mmHg, a heart rate of 80 beats/min,
and a pulse oxygen saturation (SpO2) of 99%. Five milliliters of isosulfan
blue, 1%, was injected in 4 quadrants around the mass. Five minutes
later, blood pressure decreased to 75/30 mmHg, with a heart rate of 85
beats/min and an SpO2 of 94 or 95%. The inspired gases were changed
to 100% oxygen, and isoflurane was temporarily discontinued. One
liter of lactated Ringer’s solution was rapidly infused. A total of 50 mg
ephedrine was administered, with little effect on the blood pressure
but with a significant increase in heart rate and the occurrence of
ventricular extrasystoles. The breath sounds were bilateral with no
evidence of wheezing. When the drapes covering the face were lifted,
marked swelling of the eyelids and lips was seen. Urticaria and erythema
were not apparent at the site of dye injection or in the axilla. Fifty
milligrams diphenhydramine, 1 g methylprednisolone, and 20 mg famoti-
dine were administered. Blood pressure was maintained at 85–90/40–50

mmHg with subsequent doses of phenylephrine. The extrasystoles disap-
peared. After 15 min, blood pressure increased to 160/90 mmHg and then
settled at 100–110/50 mmHg, with a heart rate of 100 beats/min and an
SpO2 of 99%. Axillary lymph node dissection was performed because the
sentinel node showed metastases. At the end of the procedure, swelling of
the eyelids and lips still were present. Direct laryngoscopy showed that
the upper airway and vocal cords, however, appeared to be normal. The
airway remained clear after extubation.

The facial swelling was absent by the following morning (18 h after the
event). The plasma histamine concentration was 0.92 ng/ml (normal,
#1.0 ng/ml). At the time of the reaction, the plasma histamine con-
centration was 11.2 ng/ml, and the serum complement levels were as
follows: C3, 90 mg/dl (normal, 86–184 mg/dl); C4, 17 mg/dl (normal,
20–59 mg/dl). The immunoglobulin E level then was 38 IU/ml (normal,
0–160 IU/ml).

Four weeks later, intradermal testing with a dose of 0.02 ml isosulfan
blue, 0.1%, yielded a pruritic 5-mm wheal with a surrounding 2.5-cm
flare within 20 min. No reaction was seen in five healthy control
subjects. Intradermal testing with use of 0.02-ml doses of propofol, 0.1
mg/ml; sufentanil, 0.05 mg/ml; midazolam, 0.01 mg/ml; and rocuro-
nium, 0.01 mg/ml, yielded negative results. Subsequent anesthesia
with use of these agents was uneventful. It was recommended that
future use of the dye either be avoided or be covered by pretreatment
if no alternative was available.

Discussion
Isosulfan blue is a 2,5-disulfonated member of the

triphenylmethane group of dyes, with a molecular
weight of 563.13 d. Binding to serum proteins that leak
into the interstitium causes it to enter the regional lym-
phatics, which become colored.4 Therefore, surgical ex-
posure is facilitated. The incidence of adverse reactions
is 1.5%. Many of these reactions are mild, with localized
wheals and urticaria, but systemic anaphylaxis has also
been reported.3 The reactions are mediated by histamine
that is released either directly or through complement
activation from mast cells or basophils.3 Serum tryptase
measurement is advocated to confirm that the high
plasma histamine level is because of its release from mast
cells. However, serum tryptase does not signal histamine
release from basophils, and therefore its level may be in
the normal range during a systemic reaction mediated by
these cells.5

The temporal sequence of events and the positive skin
test results with use of 0.1% isosulfan blue suggest that
this substance was the cause of the systemic reaction. A
false-positive wheal and flare response is possible at this
dilution because the dye has anionic activity. However,
at this dilution in control subjects, no reactions were
seen with this agent in our case, or with other triphe-
nylmethane dyes in a previous report.6 In our patient,
the reaction resembled that which was considered pos-
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itive for an allergic response to patent blue, the coun-
terpart to isosulfan blue (4-mm wheal with surrounding
2.5-cm flare).7 Latex allergy is an unlikely cause of ana-
phylaxis in this patient because previous and subsequent
anesthesia administrations with latex-containing equip-
ment were uneventful.

This case highlights the need to suspect anaphylaxis
when hemodynamic instability occurs after the injection
of isosulfan blue. Further studies are needed to standard-
ize the criteria for skin testing and reactivity because the
reported values are based on only a few studies. In
addition, the effectiveness of steroids and H1- and H2-
receptor blocking agents for prevention of reactions in
susceptible individuals remains to be determined.

The authors thank M. Castresana, M.D., Professor, and A. Cancel, M.D., Asso-
ciate Professor, Department of Anesthesiology, Mercer University School of
Medicine, Macon, Georgia, for their editorial assistance.
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Factious Desaturation Due to Isosulfan Dye Injection
Roland R. Rizzi, M.D.,* Kurien Thomas, M.D.,† Samuel Pilnik, M.D., F.A.C.S.‡

SINCE its initial report in the literature in 1993, sentinel
lymph node biopsy has become a common technique for
determining stage for patients with breast cancer.1 The
surgery involves the injection of the ipsilateral breast
with isosulfan dye or radioactive technetium sulfur col-
loid to locate the node or nodes for biopsy. We report
two cases of factious desaturation during this type of
operation that probably occurred because of interfer-
ence with pulse oximetry by isosulfan dye absorption.

Case Reports

Case 1

A 58-yr-old woman was scheduled to undergo a left lumpectomy and
sentinel node biopsy. The patient was injected with radioactive tech-
netium colloid approximately 2 h previously in the nuclear medicine
department. General anesthesia was provided with oxygen, nitrous
oxide, and desflurane, supplemented by fentanyl and rocuronium. The
intraoperative course was uneventful until 8 min after the injection of
5 ml isosulfan dye into the subcutaneous tissue of the left breast, at

which time the oxygen saturation, evaluated with an Ohmeda 5250
respiratory gas monitor (Ohmeda, Austell, GA), rapidly decreased to
91%. An arterial blood gas sample (Chiron 855; Ciba-Corning Diagnos-
tics Corp., Medfield, MA) showed a pH of 7.59, partial pressure of
arterial carbon dioxide (PaCO2) was 27 mmHg, and partial pressure of
arterial oxygen (PaO2) was 212 mmHg. The cooximeter reading was
92%. The operation proceeded without further problems, and oxygen
saturation returned to baseline 45 min later.

Case 2

A 50-yr-old woman was scheduled to undergo a left-sided reexcision
of breast tissue and sentinel node biopsy. The patient was injected
with radioactive technetium colloid approximately 1.5 h before pro-
ceeding to the operating room. She was administered oxygen, nitrous
oxide, and isoflurane, supplemented by fentanyl, midazolam, and rocu-
ronium for general anesthesia. The operation proceeded uneventfully
until 12 min after the injection of 5 ml isosulfan dye into the subcuta-
neous tissue of the left breast, at which time, oxygen saturation
decreased to 89%. No cause could be deduced, and no corrective
action successfully increased oxygen saturation. An arterial blood gas
sample showed a pH of 7.42, a PaCO2 of 31 mmHg, and a PaO2 of 189
mmHg. The cooximetry reading was 91%. The surgery was completed
without further problems, and oxygen saturation returned to baseline
25 min after the initial event.

Discussion

Axillary lymph node dissection has significant morbid-
ity for patients with breast cancer, and it is often substi-
tuted with sentinel node biopsy.2 Isosulfan dye or radio-
active technetium sulfur colloid is injected into the
ipsilateral breast tissue to identify the node or nodes
appropriate for excision. There are no reports in the
literature of particular anesthesia concerns related to this
procedure. There is one report of desaturation after
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injection of 3 ml lymphazurin dye during a lymphatic
mapping procedure for cervical cancer.3

We experienced two episodes of factious desaturation
in the initial 31 cases of sentinel node biopsy at our
institution. These two cases seem to represent interfer-
ence with pulse oximetry, because the PaO2 remained in
the normal range, rather than an absolute reduction in
the oxygen transport by hemoglobin of the patient.
Pulse oximetry uses spectrophotometric analysis and
plethysmography to calculate oxygen saturation of he-
moglobin at two wavelengths—usually red 660 and
near-infrared 940.4 It has been reported previously that
the accuracy of this monitor can be affected by indigo
carmine, indocyanine green, nail polish, and methylene
blue.5,6 The presence of any substance in blood that
absorbs light in the red or infrared spectrum can alter
oxygen saturation readings. We believe that isosulfan
dye used in sentinel node biopsy can, in some instances,
be absorbed in sufficient quantities as to present this
problem for the anesthesiologist. After the occurrence of
the two cases described, one of the authors volunteered
to participate in an informal experiment. A peripheral
venous indwelling catheter was inserted, and at 45 min
intervals, various quantities of isosulfan dye were in-
jected. An injection of 0.1 ml did not cause a change in
SpO2. A dose of 0.25 ml resulted in a reduction in SpO2 to
97% from 99% in less than 2 min. An SpO2 of 94% was
obtained after 0.5 ml isosulfan dye was administered.
Last, when 1.0 ml dye was injected, the SpO2 decreased
to 89%.

Why these two particular cases showed pulse oxime-
try interference, probably because of greater absorption
of dye, is unclear. In all 31 procedures, isosulfan dye
volume was equal, and the surgeon reported that it was
injected into the subcutaneous tissue. The time course
to desaturation from injection of dye and from recovery
to baseline in the two reported cases argues against an
intravascular injection. Our informal investigation also
seems to rule out intravascular injection, but it supports
the hypothesis that small quantities of absorbed isosulfan
dye can interfere with oxygen saturation monitoring. As
anesthesiologists gain further experience with this new
procedure, it may become evident which factors in-
crease the risk for interference, and recommendations
regarding the proper evaluation of similar episodes of
desaturation after dye injection can be determined.
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Bilateral Intraoperative Atelectasis in a Child with Latex Allergy
Ralf Gebhard, M.D.,* Evan G. Pivalizza, M.B., Ch.B., F.F.A.S.A.,† Susan Nasri, M.D.,‡

Jaques E. Chelly, M.D., Ph.D., M.B.A.§

THE onset and manifestations of anaphylaxis vary. In
patients administered general anesthesia, early signs and
symptoms are potentially masked and especially difficult
to interpret. Anesthetic agents can alter mediator re-
lease1 and, therefore, delay early recognition of the un-
derlying problem. We present a case of bilateral atelec-
tasis in a child with an allergic reaction to latex.

Case Report

A 6-yr-old girl (18 kg) was scheduled to undergo dental restoration
during general anesthesia. The patient had a preoperative medical
history of seizures, cerebral palsy, and developmental delay. Allergies
were reported for tegretol and antihistamines. Seizure activity was
well-controlled with use of phenobarbital, and previous surgeries per-
formed during general anesthesia, including laparotomy, ventriculo
peritoneal shunt placement, and dental restorations, were uneventful.

After oral premedication with midazolam and placement of standard
monitoring devices, general anesthesia was induced via mask inhala-
tion with use of halothane. Intravenous access was obtained, and
intravenous fentanyl (50 mg) and rocuronium (10 mg) were adminis-
tered. Nasal intubation with use of direct laryngoscopy was performed
using an uncuffed, 5.0-mm ID, nasal RAE endotracheal tube (ETT).
Equal bilateral breath sounds, symmetric chest movement, and normal
end-tidal carbon dioxide confirmed correct placement of the ETT.
Anesthesia was maintained with isoflurane in 70% N2O and 30% O2.
Before the start of surgery, the child was administered 225 mg clinda-
mycin intravenously, a throat pack was placed in the pharynx, and 4 ml
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lidocaine, 2%, with epinephrine 1:100.000 was injected into the gin-
giva. This injection was repeated 60 min later.

After 2 h of uneventful anesthesia administration, a sudden increase
of the peak inspiratory pressure from 18 to 35 mmHg was noted,
followed by a decrease in oxygen saturation measured by pulse oxim-
etry (SpO2) from 99% to 95%. Because the surgical team had stopped
the procedure to review radiographs at that time, it was believed that
these events were not related to any surgical stimulation.

The ETT was inspected immediately, and the throat pack was re-
moved. No kinking, obstruction, or deplacement of the ETT could be
detected. Because SpO2 further decreased to 80% and heart rate in-
creased from 105 to 135 beats/min in the absence of blood pressure
changes (95/40 mmHg), inspiratory oxygen fraction (FIO2) was increased
to 1.0, and depth of anesthesia was deepened with use of 25 mg
intravenous thiopental. An additional 10 mg rocuronium was injected,
and the child underwent manual ventilation. SpO2 remained in the 80%
range. After the surgical field was undraped, decreased movement of
the right side of the chest was observed; breath sounds over the right
lung were almost silent. No wheezing could be heard. Endobronchial
positioning of the ETT was ruled out with direct laryngoscopy. Bron-
choscopy was performed using a pediatric fiberoptic bronchoscope.
This revealed a small amount of secretions in the right upper lobe and
in the left lower lobe of the lung. Secretions were aspirated, and the
patient was administered two puffs of albuterol aerosol. This resulted in
an increase of the oxygen saturation to 95 or 96%; FIO2 remained at 1.0.
Peak inspiratory pressure decreased to 28 mmHg. A chest radiograph
showed right upper lobe and left lower lobe atelectasis with the ETT
in good position and a preexisting moderate levoscoliosis. Because the
estimated remaining surgery time was 15 min, the decision was made
to complete the procedure.

At the end of surgery, oxygenation continued to improve (FIO2 was 0.7
mmHg; SpO2 was 97%). After the drapes were undone for the second
time, erythema of the chest, the neck, and the upper arms was noted,
accompanied by a swollen lower lip. Subcutaneous epinephrine (5
mg), followed by 100 mg intravenous hydrocortisone, were adminis-
tered, which resulted in an increase of the SpO2 to 100% over the next
10 min, and FIO2 decreased stepwise to 0.5 mmHg. The patient was
extubated 8 h later in the intensive care unit after subsequent chest
radiography indicated resolved atelectasis; oxygen saturation was 99%
with an FIO2 of 0.3 mmHg. The patient was discharged from the hospital
the next day.

Despite our suspicion of an allergic reaction to latex being related to
the interoperative complication, the patient’s parents refused to allow
allergy testing for latex. A week later, during a follow-up visit in the
dentist’s office, an oral examination was performed in which latex
gloves were used. A swollen face and respiratory distress immediately
developed, which resolved with benadryl administration and removal
of the antigen.

Discussion

A sudden increase in peak inspiratory pressure can
have multiple causes, making it useful to have a system-
atic approach to detect the underlying problem.2 Clini-
cal examination of the patient, inspection of the ETT,
and direct laryngoscopy helped to exclude bronchos-
pasm, kinking or obstruction of the ETT, and endobron-
chial intubation, respectively. Chest radiography led to
the diagnosis of atelectasis, but only the delayed onset of
skin symptoms raised suspicion of an allergic reaction
being related to this intraoperative complication. Be-
cause the last intravenous medication was given more
than 2 h previously, latex was highly suspected to be the
responsible allergen. The reaction to the subsequent

latex exposure 1 week later makes our initial diagnosis
even more likely.

In the past decade, there was an increased number of
intraoperative allergic reactions to latex. High-risk groups
include patients with spina bifida and severe urogenital
defects, healthcare workers, and rubber-industry employ-
ees.3 During general anesthesia, the onset of symptoms
varies from a few minutes after start of the procedure4 to
60 min,5 and it can include cutaneous (rash, urticaria),
respiratory (bronchospasm), or cardiovascular manifes-
tations (hypotension, tachycardia, or complete col-
lapse).6 It is not known what determines which organ
system will be affected, to what extent, and at what time
after exposure. In the current case, the first signs oc-
curred 2 h after the beginning of surgery, and skin
manifestations developed 30 min later. It has been re-
ported that certain anesthetics can delay the clinical
manifestations and may modify mediator release,1 mak-
ing it unpredictable as to how and when a person un-
dergoing general anesthesia will react to an allergen.
Furthermore, the subsequent epinephrine injections in
the gingiva also may have contributed to the observed
delay between allergen exposure and onset and may
have affected the magnitude of the clinical symptoms.

The occurrence of atelectasis is a well-documented
complication of thoracic or upper abdominal surgery,7,8

but there are also many reports regarding instances of
inner mechanical obstruction, such as mucous plugs9,10

or outer compression by mediastinal masses,11 that led
to atelectasis independent of the site of the surgical
intervention. In asthmatic children, the incidence of
atelectasis can be 40%,12 but in our patient, history was
negative for preexisting pulmonary disease. Finally, atel-
ectasis related to anaphylactic reactions has been ob-
served in bronchpulmonary aspergillosis13 and as a com-
plication of toxic epidermal necrolysis.14

In contrast, atelectasis related to an allergic reaction to
latex has not been described. It is difficult to determine
what mechanism led to atelectasis in our patient. Many
factors, such as secretions and the coexisting moderate
levoscoliosis, may have contributed to the clinical man-
ifestation. Because the child had no symptoms of an
upper respiratory infection or any pulmonary problems,
we believe that the latex allergy was a significant factor
in the development of right upper and left lower lobe
atelectasis.
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Hyperbaric Oxygen Reverses Organ Dysfunction in Severe Anemia
J. Eric Greensmith, M.D., Ph.D.*

HIGH oxygen content within the plasma that can sup-
plement, or even supplant, the hemoglobin-bound oxy-
gen can be achieved by use of hyperbaric oxygen admin-
istration. In 1960, Boerema et al.1 exsanguinated pigs
and then “reanimated” them by treatment in a hyper-
baric chamber. Forty years later, hyperbaric therapy can
be life saving when used as temporizing or definitive
therapy in cases of severe anemia when transfusion is
difficult to achieve or refused.

Case Reports

Case 1

A 20-yr-old woman with a history of dysfunctional uterine bleeding
underwent control of erratic and heavy menstrual bleeding via syn-
thetic estrogen–progesterone hormonal therapy. The patient discon-
tinued taking the medication and subsequently experienced 7 days of
severe dysfunctional uterine bleeding.

At admission to another hospital, while in the supine position, the patient
had a heart rate of 88 beats/min and a blood pressure of 125/81 mmHg.
While in an upright position, she reported “dizziness and a pounding
head,” with a heart rate of 120 beats/min and a blood pressure of
145/78 mmHg. Hemoglobin and hematocrit concentrations were 5.3 g/dl
and 15%, respectively. Because of the patient’s religious prohibition
against transfusion, therapy was limited to 25 mg conjugated estrogens
and volume resuscitation with 2 l normal saline solution and 500 ml
hetastarch. There was no record of oxygen administration. She was trans-
ferred to our institution, and her hemoglobin and hematocrit concentra-
tions were 3.5 g/dl and 10%, respectively. She was administered a second
dose of intravenous estrogens. A Foley catheter was inserted through the
cervical os into the uterine cavity and inflated to tamponade uterine
bleeding. At arrival to the surgical intensive care unit, she was pale and
asthenic, without pain or discomfort. She was administered humidified
oxygen via face mask. Over the next 2 h at rest, her heart rate was
120–134 beats/min, and her blood pressure was 110–141/47–62 mmHg,

but she reported retrosternal chest pressure that was not radiating (fig.
1A). Twelve-lead electrocardiography (ECG) showed ST-segment changes
in V1–V3 that were consistent with myocardial ischemia.

Because of her refusal to be administered blood or blood compo-
nents, the patient underwent hyperbaric therapy at 2.4 absolute pres-
sure in atmospheres (ATA) with an inspiratory oxygen fraction (FIO2)
of 1.0. After 3 min at 2.4 ATA, the patient’s chest pressure and ECG
changes resolved (fig. 1B). The patient continued to be pain free for
127 min at 2.4 ATA and during the 5 min of an “air break” when FIO2

was 0.21 at 2.4 ATA (this is a standard practice to minimize the chance
of oxygen toxicity seizures). After completion of a 120-min period of
pressurization, supplemental oxygen was removed, and the chamber
returned to 1 ATA over 7 min, with the patient’s FIO2 at 0.21. At 1.5
ATA, the patient reported severe substernal chest pressure with recur-
rence of the ECG ST-segment depression in lead II (fig. 1C). The
chamber underwent repressurization to 2.4 ATA with an FIO2 of 1.0.
Within 3 min, the chest pressure and ECG abnormality resolved.

Five milligrams of morphine was titrated intravenously. The patient
remained alert and cooperative. The second return to 1 ATA was
slowed to 0.03 ATA/min. Depressurization was accomplished with an
FIO2 of 1.0. Angina or ECG changes did not recur (fig. 1D). The patient
was returned to the intensive care unit.

The patient was treated using hyperbaric therapy eight more times,
initially twice a day, and later once a day. She continued to receive
oxygen via a high-flow face mask when she was at 1 ATA with an FIO2

of 1.0 administered via hood in the hyperbaric chamber with appro-
priate air breaks. During the third hyperbaric treatment, the patient
reported a new type of chest discomfort: a burning sensation that was
made worse during administration of hyperbaric therapy. She also
experienced a sharp burning sensation during breathing, and a dry
nonproductive cough developed. The patient had a high FIO2 for more
than 72 h, ranging from an FIO2 of 1.0 at 2.4 ATA in the hyperbaric
chamber to an FIO2 of 0.7 during use of the face mask at 1 ATA in the
intensive care unit. A clinical diagnosis of oxygen-associated pulmonary
toxicity was determined. The patient was administered 800 mg vitamin E
by mouth twice daily, and all symptoms resolved during the ensuing 24 h,
despite continued exposure to high concentrations of oxygen.

Each day after presentation, the patient appeared to be more ani-
mated. The patient was allowed to stand and perform simple exercises
in the hyperbaric chamber while at 2.4 ATA with an FIO2 of 1.0. She
had no further angina and ECG was normal. No effort was made to
have her exercise at 1 ATA. The patient was administered 300 units/kg
erythropoietin daily, folate, cyanocobalamin, and oral iron. A hemato-
crit concentration evaluated on hospital day 5 was 16%. Her reticulo-
cyte count was 274.2 thousand/mm3 (normal, 16–100). The patient
continued to improve, with no further angina pectoris; she was trans-
ferred from the intensive care unit on hospital day 6 and discharged
from the hospital on day 8. Eighteen days after admission, hemoglobin
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and hematocrit concentrations increased to 8.4 g/dl and 29.2%, respec-
tively. Troponin I levels 4 days after admission were within normal
limits. The patient reported easy fatigability, but there was no clinical
evidence of neurologic sequelae.

Case 2

A 45-yr-old woman presented to a community hospital with mental
status changes and a hematocrit concentration of 12.8% 15 days after
an apparently uncomplicated vaginal delivery of a neonate and post-
partum bilateral tubal ligation. Medical history included calcific aortitis
of unknown origin that necessitated aortic valve replacement and right
internal mammary artery bypass 6 yr previously. The patient was

prescribed warfarin for her aortic valve prosthesis, which was sus-
pended after her pregnancy was diagnosed. Anticoagulation was main-
tained with use of subcutaneous heparin. After vaginal delivery of a
neonate and postpartum tubal ligation, warfarin anticoagulation was
resumed. Prothrombin time was 112 s, with an international normal-
ized ratio of 9.9. During previous aortic valve replacement surgery, the
patient underwent transfusion, and an erythrocyte antibody (anti-c)
was reported to have developed.

At arrival in the intensive care unit, hemoglobin and hematocrit
concentrations were 2.6 g/dl and 9%, respectively. Initial blood lactate
concentration was 7.4 mEq/l. The patient was administered oxygen
via face mask. While undergoing assessment for hyperbaric therapy,
the patient had a tonic clonic seizure and became unresponsive. She
underwent ventilation via mask, with an FIO2 of 1.0, and was trans-

Fig. 1. Standard lead II electrocardiogram during four points in the clinical course of patient 1. (A) Prehyperbaric oxygen (HBO)
ST-segment depression while experiencing angina pectoris. (B) Resolution of ST-segment depression and angina during hyperbaric
oxygen treatment at 2.4 ATA. (C) Abrupt recurrence of ST-segment changes and angina during rapid ascent with an FIO2 of 0.21. (D)
Slow ascent to 1 ATA while breathing, with an FIO2 of 1.0. No ST-segment depression or symptoms.
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ported rapidly to the hyperbaric chamber. The chamber was com-
pressed to 2.4 ATA, and ventilation was maintained via a mask, with an
FIO2 of 1.0. Within 5 min at 2.4 ATA, the patient regained conscious-
ness and became ebullient. Central venous partial pressure of oxygen
(PVO2) was 186 mmHg.

The patient was administered a total of 14 units of fresh frozen
plasma and 8 units of packed erythrocytes. This large-volume infusion
caused congestive heart failure, as evidenced by rales, an S3, and
tachypnea that necessitated tracheal intubation and sedation with the
patient remaining at 2.4 ATA. Posttransfusion hemoglobin concentra-
tion was 9.4 g/dl, and the international normalized ratio decreased to
1.9. Lactate decreased to 1.9 mEq/l (normal, 0.5–2.2). The chamber
was decompressed, and exploratory laparotomy was performed; 3 l
liters blood was found in the peritoneal cavity. No further blood or
blood component administration was necessary, and the patient was
discharged on postoperative day 12 without apparent sequelae.

Discussion

This case report describes our attempts to avoid mor-
bidity and mortality in young women with profound
blood loss anemia. Transfusion of erythrocytes was the
medical therapy of choice, but this was limited by pa-
tient consent and by difficulties in crossmatching in the
respective cases. Hyperbaric oxygen therapy maximized
plasma-dissolved oxygen, pending an increase in oxy-
gen-carrying capacity.

At 1 atm of ambient pressure, blood with a hematocrit
concentration of 43.5%2 that is fully saturated with oxy-
gen contains approximately 19 ml oxygen/dl blood, with
dissolved oxygen contributing less than 2% of the total
blood–oxygen content.

With a hemoglobin concentration of 3.0 g/dl, total
blood–oxygen content while breathing room air de-
creases to 4.1 ml oxygen/dl blood, with dissolved oxy-
gen representing 7% of blood–oxygen content. Because
sustained oxygen extraction from hemoglobin exceeds
60% in only the most dire circumstances,3,4 a more realistic
estimate of oxygen available for biologic consumption is
2.5 ml oxygen/dl blood. The 0.3 ml/dl of dissolved oxygen
is approximately 10% of the available oxygen.

At 2.4 ATA with an FIO2 of 1.0, the arterial partial
pressure of oxygen approaches 1,600 mmHg,5 and dis-
solved oxygen content is approximately 4.8 ml oxygen/dl
blood, which is a quantity sufficient to supply the majority
of metabolic oxygen requirements. Total blood oxygen
content with a hemoglobin concentration of 3.0 g/dl is
approximately 8.7 ml oxygen/dl blood. Using 60% as a
maximal value for sustained hemoglobin-bound oxygen
extraction, the biologically useful oxygen content is 7.1 ml
oxygen/dl blood. Sixty-seven percent of the usable oxygen
is from the dissolved oxygen.

Survivors have been reported to have had hemoglobin
concentrations comparable with our patients’ anemic
states. Lichtenstein et al.6 described combined deep
sedation, neuromuscular blockade, hemodilution, and
cooling to a core body temperature of 29°C to reduce
oxygen consumption 57% below baseline in a 37-yr old
Jehovah’s Witness with a hematocrit concentration of 4%.

Myking and Schreiner7 treated a middle-aged woman
with idiopathic hemolytic anemic crisis and mental sta-
tus changes of syncope, urinary incontinence, paresthe-
sia, disorientation, and stupor when the patient’s hemo-
globin concentration nadir was 3 g/dl. All symptoms
were interrupted with use of hyperbaric oxygen ther-
apy, and this relief persisted for several hours after each
hyperbaric treatment.

Amonic et al.8 reported the case of a 26-yr-old male
Jehovah’s Witness who refused transfusion despite a
bleeding gastric lesion and who had a hemoglobin con-
centration of 2.2 g/dl and evidence of congestive heart
failure, myocardial ischemia, and cerebral insufficiency.
The patient was treated at 2 ATA with an FIO2 1.0 in 6-h
cycles over the following 3 days. The patient was dis-
charged 16 days after surgery, with a hematocrit concen-
tration of 26%.

Recently, a similar case to ours was reported.9 A 38-
yr-old Jehovah’s Witness experienced a placental abrup-
tion and bled, causing the hemoglobin concentration
nadir to reach 2 g/dl. Despite tracheal intubation, seda-
tion, and neuromuscular blockade to minimize oxygen
consumption, a metabolic acidosis and subsequent ECG
changes suggestive of myocardial ischemia developed;
cardiac output was 7.6 l z min21 z m22 with epinephrine
support. Hyperbaric oxygen was administered for 90
min at 2 ATA and was associated with a reduced heart
rate and cardiac output and with resolution of ischemic
ECG changes and metabolic acidosis. Hyperbaric treat-
ments were discontinued 16 days postpresentation,
when the hemoglobin concentration was 3.6 g/dl and
the patient was asymptomatic.

In our cases, the lower limits of hemoglobin concen-
tration, consistent with myocardial sufficiency in the one
case and cerebral sufficiency in the other case, were
identified, and the decrement in oxygen delivery was
rectified with use of hyperbaric oxygen therapy. In the
second case, a central PVO2 was 186 mmHg, which sug-
gested that a surfeit of oxygen dissolved in the patient’s
plasma, and the hemoglobin-bound oxygen was unused
(mixed venous oxygen saturation 5 100%).

The oxygenation effects of hyperbaric oxygen are
ephemeral; the tissue partial pressure of oxygen (pO2)
has been reported to remain elevated for minutes to
hours after the hyperbaric exposure.10 For the second
patient, transfusion effected the cure. This raises the
question: why did the first patient, who refused transfu-
sion, have no reported recurrences of hypoxia after
removal from the hyperbaric environment. One possibil-
ity is that the ECG changes and symptoms the patient
experienced before hyperbaric treatments represented
an accumulation of anaerobic metabolic products and
stresses that were cleared after sufficient oxygen was
supplied. Periodic hyperbaric oxygen therapy may have
prevented reaccumulation of metabolites to the thresh-
old for symptoms. Furthermore, hyperbaric oxygen ther-
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apy has been associated with a decrease in sympathetic
tone and a lower heart rate, both of which would be
beneficial in the presence of myocardial ischemia.11

Heart rates during periods of angina in the chamber (129
and 131 beats/min) were increased relative to heart rates
when angina was absent (114 and 122 beats/min).

The only other intervention in addition to slowing of
the pressurization during hyperbaric oxygen therapy
and maintaining an FIO2 of 1.0 was the administration of
morphine. Morphine decreases oxygen consumption
9–21% in critically ill patients, depending on the level of
oxygen consumption.12 Morphine may have decreased
the metabolic oxygen consumption enough that the pa-
tient was able to meet this reduced level of oxygen
consumption.
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