
Dyed but Not Dead

Shireen H. Haque, MD,1 Bobby D. Nossaman, MD

Department of Anesthesiology, Ochsner Clinic Foundation, New Orleans, LA

ABSTRACT
The use of vital blue dyes in sentinel lymph node mapping and
biopsy is gaining popularity in the surgical management of
cancer. However, intraoperative use of these dyes has
associated risks for the patient. This case report and review
of the literature present current medical knowledge about one
of the vital blue dyes, isosulfan blue, and the associated clinical
risks of this dye when used in the perioperative management of
patients who undergo sentinel lymph node mapping and
biopsy.

INTRODUCTION
The vital blue dye isosulfan blue (CAS No. 68238-

36-8; Lymphazurin 1%) is a Food and Drug Admin-
istration–approved dye for sentinel lymph node
mapping.1-5 When subcutaneously administered, the
dye travels within the afferent lymphatics to assist the
surgeon in the identification of the primary or sentinel
lymph node.5 Although the use of vital dyes such as
isosulfan blue allows surgeons to avoid nontherapeu-
tic lymph node dissection, adverse reactions ranging
from mild allergic reactions to anaphylaxis have been
reported in the medical literature.6-9

Isosulfan blue is a member of a family of
triphenylmethane-based dyes. These dyes are chem-

ically similar to commonly used industrial dyes in
household items such as paper, textiles, detergents,
and cosmetics.10 Prior sensitization through wide-
spread exposure from common household items
containing these dyes is the explanation for an
immunoglobulin E–mediated hypersensitivity reac-
tion, with a reported incidence of 0.1%-2%.7,10-18

Other known complications of isosulfan blue are
transient discoloration of the skin (blue urticaria),
interference with pulse oximetry saturation readings
(factitious hypoxia), or development of methemoglo-
binemia.8,19-24 The following report describes 2
clinical events involving isosulfan blue at our institu-
tion.

CASE 1
An 83-year-old woman was scheduled for vulvec-

tomy with sentinel node biopsy for invasive squamous
cell carcinoma of the vulva. Her past medical history
was significant for anxiety, essential hypertension,
and hypothyroidism. A positron emission tomography
scan to determine the spread and distribution of the
vulvar carcinoma also identified a left adrenal nodule
and bilateral thyroid nodules. During the preoperative
assessment, elevated norepinephrine and normeta-
nephrine values were also present. However, the
patient displayed no active signs or symptoms
consistent with a diagnosis of pheochromocytoma,
such as headache, palpitations, sweating, or pallor.
She had no other significant past medical or surgical
history, and her family history was negative for the
presence of adrenal tumors, thyroid cancer, or
genetically inherited syndromes. Her home medica-
tions included metoprolol, levothyroxine, and rabe-
prazole. Although the patient reported gastrointestinal
irritation following aspirin ingestion, she denied any
medication allergies or food sensitivities.

Computed tomography of the chest, electrocar-
diogram, and noninvasive renal and carotid studies
were all within normal limits. Nevertheless, she was
admitted 4 days prior to her scheduled surgical
procedure for inpatient management of suspected
pheochromocytoma. Treatment included hydration
and administration of the long-acting alpha-antago-
nist, doxazosin.

On the morning of surgery, the patient was
sedated and underwent central venous and radial
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artery cannulations. Following placement of these
invasive monitors, the patient underwent a titrated
general anesthetic and orotracheal intubation without
incident. After the patient was placed in the lithotomy
position, surgery commenced with an intradermal
injection of 4 mL of isosulfan blue in the vulva lateral
to the squamous cell carcinoma. For the duration of
the case, the patient remained hemodynamically
stable with intermittent intravenous nitroglycerin titrat-
ed for blood pressure control. Pulse oximetry satura-
tion readings were stable (98% to 100%) during
vulvectomy with sentinel node biopsy.

Upon completion of surgery and while the patient
was returned to the supine position, an abrupt
decrease in pulse oximetry saturation (94%) occurred
with the development of a marked blue-green hue on

the skin of the upper extremities, chest, and face (blue
urticaria) (Figure 1). As 100% oxygen was adminis-
tered to the patient, as confirmed by the flow-meter
bobbins and the oxygen analyzer, attention turned to
the anesthetic circuit, which was determined to be
patent, and bilateral breath sounds were auscultated
from the chest. Following emergence from general
anesthesia, the patient was following appropriate
verbal commands with extubation of the trachea.
Arterial blood gas (ABG) analysis by the point-of-care
i-STAT 1 (Abbott Point of Care, Princeton, NJ)
demonstrated acceptable partial pressure gas mea-
surements without evidence of acidosis or hypoxia
(factitious hypoxia) (Table). Upon transfer to the
postanesthesia care unit (PACU), a detailed report
about the clinical assessment of the blue urticaria and
associated factitious hypoxia was reported to PACU
staff, the patient, and the patient’s family (Figure 2).

Because the i-STAT 1 point-of-care ABG analyzer
does not measure, but rather calculates hemoglobin
saturation, respiratory therapy analyzed an arterial
blood sample with a co-oximeter blood gas analyzer
(NPT7, Radiometer America, Westlake, OH) and
recorded a normal oxyhemoglobin saturation without
abnormal elevations in methemoglobin or carboxyhe-
moglobin levels, which confirmed the clinical diagno-
sis of factitious hypoxia (Table).

Given these normal laboratory values and the
absence of any clinical indicators of cardiovascular or
respiratory compromise in the PACU, the decrease in
the intraoperative pulse oximetry saturation readings
(factitious hypoxia) and the presence of the blue
urticaria were attributed to systemic absorption of the
isosulfan blue dye. However, because of the intensity
of the blue urticaria (Figures 1 and 2), the patient was
further monitored in the PACU for 24 hours and then

Figure 1. Discoloration of skin following successful emer-
gence from general anesthesia with the patient awake and
following commands.

Table. Serial Arterial Blood Gas Assessments in a Patient Following Lymphatic Injection of the Vital Blue Dye, Isosulfan Blue
(CAS No. 68238-36-8; Lymphazurin 1%)

Intraoperative arterial blood gas i-STAT 1
(Abbott Point of Care, Princeton, NJ)

Postoperative co-oximeter blood gas NPT7
(Radiometer, Westlake, OH)

FiO2 0.21 0.21
pH 7.36 7.35
PaO2 (mmHg) 82 87
PaCO2 (mmHg) 35 37
BE (mEq/L) �6* —
SaO2 (%) 96* —
FO2Hb (%) — 97.5
Methemoglobin (g%) — .2
Carboxyhemoglobin (g%) — .5

BE, base excess; FiO2, fraction of inspired oxygen; FO2Hb, saturation of oxyhemoglobin; PaCO2, partial pressure of carbon dioxide; PaO2, partial pressure
of oxygen; SaO2, saturation of hemoglobin
* Calculated values
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transferred to a regular postsurgical floor. Over the
course of the next 2 days, skin color returned to
normal and the patient was discharged on postoper-
ative day 3 with no clinical signs of blue urticaria.

CASE 2
A 62-year-old female was diagnosed with left

breast cancer after a screening mammogram found
a focal asymmetric density. Core biopsy revealed a
well-differentiated invasive infiltrating ductal carcino-
ma that measured approximately 6 mm on diagnostic
mammogram. The patient decided after extensive
counseling to proceed with breast-conserving therapy
and was scheduled for a left breast wire localization
lumpectomy with sentinel lymph node biopsy and
possible axillary lymph node dissection. The patient
had a medical history of asthma, obesity, and a sulfur
allergy. Her surgical history included a childhood
appendectomy, cesarean section, and dilation and
curettage. She denied any adverse events with
anesthesia in her past procedures and had no family
history of anesthetic complications.

Following the induction of general anesthesia, a
laryngeal mask airway was inserted to maintain a
patent upper airway. Approximately 15 minutes
following anesthetic induction, the surgical team
injected 0.45 mCi of technetium-labeled sulfur colloid
into the left breast along with 5 mL of isosulfan blue
dye for further sentinel lymph node identification.
Within minutes, the patient developed marked hypo-
tension and bradycardia that responded to intrave-
nous injections of ephedrine, diphenhydramine,
dexamethasone, and fluids. The hemodynamic insta-
bility corrected within 5 minutes, and surgeons
proceeded with the case. After 23 hours of observa-
tion in the PACU, the patient was discharged without
further complications.

DISCUSSION
Intradermal and parenchymal injections of vital

blue dyes, such as isosulfan blue, can lead to systemic
absorption through lymphatic channels and vascular
beds near tumor sites.5,25,26 The numerous adverse
events reported from isosulfan blue and the structur-
ally related patent blue are thought to arise from
circulating complexes of protein-bound dye mole-
cules.21,27,28 The consequences of systemic circula-
tion include reports of interference with pulse oximetry
readings, the development of blue urticaria, and
anaphylaxis.6,9,11,18,19,29-32

In patients such as described in Case 1, the first
priority should be to rule out causes of real arterial
hypoxemia by checking oxygen delivery to the
patient. Next, confirm the integrity of the anesthetic
breathing circuit by switching to manual ventilation

and observing the movements of the chest and the
circuit system flow valves.21 Inadvertent endobron-
chial intubation should be ruled out by checking for
the presence of bilateral breath sounds to confirm that
the endotracheal tube is still appropriately positioned
following changes in surgical positioning of the
patient. Although vital blue dyes have been reported
to generate erroneous pulse oximetry readings
(factitious hypoxia), an arterial blood sample for co-
oximetry analysis should be obtained to determine if
the declines in pulse oximetry are clinically relevant or
factitious.22,24,30,33

Although case reports and large retrospective
studies have reported decreases in pulse oximetry
readings following injections of the vital dye isosulfan
blue,22,23,29,32,34,35 other studies have evaluated the
magnitude and duration of the effect of isosulfan blue
on pulse oximetry readings.24,31 In a study of 33
patients undergoing isosulfan blue administration for
sentinel lymph node biopsy, all patients experienced
peak decreases in pulse oximetry saturations within
30 minutes, but no adverse events were reported.31

A second study compared the effects of 2 vital
blue dyes, patent blue and isosulfan blue, on pulse
oximetry saturation readings, oxygen saturation, and
partial oxygen pressure values in 16 patients under-
going sentinel lymph node biopsy. Although the 2
dyes interfered with pulse oximetry saturation read-
ings, only isosulfan blue demonstrated significant
differences in pulse oximetry saturation values when
compared to control values.24 However, these pulse
oximetry desaturations were not accompanied by real
hemoglobin desaturations when determined by
blood-gas analysis. In this study, peak interference
of the dye was observed 15 minutes after injection.24

Figure 2. A comparison of skin color prior to transport to the
postanesthesia care unit.
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Pulse Oximetry
The sensor used in pulse oximetry emits both red

and infrared light at a wavelength between 660 and
910 nm.36,37 The blood partially absorbs the trans-
mitted light and the sensor absorbs the remainder,
during which time the transmitted signal is analyzed
to calculate peripheral arterial saturation based on the
difference.36,37 Because isosulfan blue dye has a
peak absorption wavelength of 638 nm, which is
similar to reduced hemoglobin, the dye interferes with
the sensor, leading to overestimation of hemoglobin
desaturation.24,31

Multiple investigations comparing ABG analysis
with pulse oximetry saturations have shown that
declines in pulse oximetry saturation following vital
dye administrations are factitious and not clinically
relevant.24,31,34 However, blood gas analysis with co-
oximetry should be strongly considered in cases of
hemodynamic instability to confirm adequate oxyhe-
moglobin content and to rule out elevated levels of
methemoglobin that can occur following co-adminis-
tration of ester-local anesthetics.22,38-41 In contrast to
the many commercial blood gas analyzers that
calculate oxygen content, a co-oximeter accurately
measures all hemoglobin moieties.42-45 Although
pulse oximetry desaturation in the presence of
isosulfan blue can be profound (SpO2 89%-
90%),32,34 in the majority of cases, the pulse oximetry
desaturation would not be interpreted as clinically
significant (SpO2 > 90%).24,31,34

Anaphylactic reaction to the vital dye, or possibly
the sulfur colloid, occurred in Case 2. Anaphylactic-
like reactions to the vital dye have been described in
the literature and carry a reported incidence ranging
from 0.1% to 2%.7,10-18 The largest available series
using isosulfan blue in 4,975 patients reported an
incidence of anaphylaxis of 0.1%.16 Although ana-
phylactic reactions to the vital blue dyes have been
known, the first case of an anaphylactic reaction to
isosulfan blue was reported in 1985.9 Since that time,
a number of allergic reactions, including shock, have
been reported.7,8,11-16,46-48 The hemodynamic insta-
bility in Case 2 quickly resolved following administra-
tion of antihistamines, steroids, vasopressor support,
and fluids, and this therapy is similar to what has been
reported in other similar case studies.12,13,15,20

However in some patients, persistent systemic
hypotension can occur despite administration of large
doses of vasopressors.7,49 For those patients, it may
be prudent to obtain oxyhemoglobin and methemo-
globin values with a co-oximeter and serum tryptase
assays and/or skin testing.50,51 Finally, in a study of
639 patients who underwent sentinel lymph node
biopsy for breast cancer using isosulfan blue, 7
anaphylactic reactions were reported, of which 2

reactions were biphasic in nature.47 In those 2
patients, recurrences of anaphylaxis appeared during
postoperative monitoring (6 and 8 hours after sur-
gery), and both responded well to antiallergic
treatments.47

In an attempt to reduce the incidence and severity
of anaphylactic reactions to isosulfan blue, the
benefits of prophylactic therapy were studied in
1,013 consecutive patients who underwent sentinel
lymphadenectomy for breast carcinoma.15 A total of
667 patients (65.8%) received prophylactic therapy
involving the administration of steroids (100 mg of
hydrocortisone, or 20 mg of methylprednisolone, or
4 mg of dexamethasone), 50 mg of diphenhydramine,
and 20 mg of famotidine before or at the induction of
general anesthesia and prior to isosulfan blue dye
injection. Thirty-three patients (3.3%) received pro-
phylaxis but no dye injections. Twelve patients (1.2%)
received dye injections but no prophylactic therapy,
and the remaining 301 patients (29.7%) received no
prophylactic therapy or dye. Blue urticaria and facial
edema were observed in 3 of 667 patients (0.4%)
receiving the prophylaxis regimen and in 1 of 12
patients (8.3%) receiving the dye but no prophylaxis.
No episodes of hypotension occurred, and no
patients required vasopressors, ventilatory support,
or intensive care observation.

Other interesting findings in this study were the
incidence of adverse reactions to agents other than
the blue dye and the presence of increased wound
complications.15 Two patients developed anaphylaxis
out of 667 patients (0.3%) who received prophylaxis
and dye, and 3 patients developed anaphylaxis out of
301 patients (1.0%) who did not receive prophylactic
therapy or the dye. Although the findings are clinically
relevant, they were not statistically significant. Finally,
wound healing complication rates doubled but did not
reach statistical significance. The findings that pro-
phylactic therapy did not decrease the incidence of
anaphylaxis to isosulfan blue, but did decrease the
morbidity associated with the dye, suggest that
routine prophylaxis should be considered in patients
receiving isosulfan blue for lymphatic mapping and
sentinel lymph node biopsy.15

CONCLUSION
The use of vital blue dyes such as isosulfan blue

for sentinel lymph node mapping and biopsy carries
the risks of skin pigmentation changes, interference in
pulse oximetry saturation readings, and anaphylaxis
in a small number of cases. One should expect a
decrease in pulse oximetry saturation readings with
isosulfan blue, but in the majority of these cases, the
changes in pulse oximetry saturation readings will not
be clinically significant. However, when conducting
ABG analysis, one should use a co-oximeter to
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accurately measure the oxyhemoglobin content of the
blood and minimize the diagnosis of factitious
hypoxia. A high index of suspicion and appropriate
clinical management will minimize the potential
morbidity when using these vital blue dyes in the
perioperative management of patients undergoing
sentinel lymph node mapping and biopsy.
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