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Evaluation of physiological parameters of dogs submitted
to uterine lymphatic mapping using patent blue V dye for
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phatic mapping using patent blue V dye for anaphylaxis detection. Pesquisa Veterindria
Brasileira 36(12):1209-1214. Departamento de Clinicas Veterinarias, Universidade Estadual de
Londrina, Rodovia Celso Garcia, Londrina, PR 86061-900, Brazil. E-mail: imartins@uel.br

Lymphatic mapping has been performed in humans and dogs. Although several cases
of anaphylaxis have been reported in humans, there are no such reports in dogs. The ob-
jective of this study was to identify the occurrence of adverse reactions to patent blue V
dye in bitches undergoing uterine lymphatic mapping procedures using cardiovascular and
hematological evaluations. The experiment was performed in 14 mongrel bitches without
any reproductive disease, randomly assigned into two equal groups (PBV- uterine lynpha-
tic mapping and OHE; Control - OHE only). The animals were submitted to pre- and posto-
perative hematological and serum biochemistry exams (7 days). The anesthetic protocol
was: sedation (morphine and acepromazine), induction (propofol), maintenance (isoflu-
rane), transoperative analgesia (fentanyl). Systolic blood pressure was monitored throu-
ghout the procedure and arterial blood gas analysis was performed immediate pre and
postoperatively. For lymphatic mapping was injected patent blue V in the uterine wall, 10
minutes before OEH. Comparisons between the pre- and postoperative parameters within
the same animal were performed using the Wilcoxon-Mann-Whitney test. To compare the
values between control and PBV group was obtaining the difference between the pre and
post of each group, subjected to the Mann-Whitney test (significance of 5%). Differences
were observed (P<0.05) between the pre- and postoperative evaluations in the PBV (total
protein and the albumin serum), in both groups (arterial partial pressure of oxygen) and
in the Control (arterial oxygen saturation). There were no signs of adverse reactions to the
patent blue V dye in the healthy bitches submitted to lymphatic uterine mapping.

INDEX TERMS: Uterine lymphatic mapping, patent blue V dye, anaphylaxis, hypersensitivity, bitches,
vital dye.

RESUMO.- [Avaliacdo de parametros fisiolégicos de
caes submetidos ao mapeamento linfatico uterino
usando o corante azul patente V para a deteccio de
anafilaxia.] O mapeamento linfatico tem sido realizado em
humanos e cdes. Embora inimeros casos de anafilaxia ja te-
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nham sido relatados em humanos, ndo existem tais relatos
em cies. O objetivo deste estudo foi identificar a ocorréncia
de reacdes adversas ao corante azul patente V em cadelas
submetidas ao mapeamento linfatico uterino, usando ava-
liagdes cardiovasculares e hematoldgicas. O experimento
foi realizado em 14 cadelas mesticas, divididas igualmen-
te em dois grupos (PBV- mapeamento linfatico uterino e
OEH; Controle - apenas OEH). Os animais foram submeti-
dos a exames hematoldgicos e bioquimicos séricos no pré
e po6s-operatorio (7 dias). O protocolo anestésico foi: seda-
¢do (morfina e acepromazina), inducdo (propofol), manu-
tencdo (isoflurano), analgesia trans-operatoria (fentanil).
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A pressio arterial sistélica foi monitorada durante todo o
procedimento e hemogasometria arterial no pré e pds-ope-
ratério imediato. Para o mapeamento linfatico foi injetado
azul patente V na parede uterina, 10 minutos antes de rea-
lizar a OEH. Comparacgdes entre os valores do pré e pos-
-operatério do mesmo animal foram realizados pelo teste
Wilcoxon-Mann-Whitney. Para a comparacdo dos valores
entre Controle e PBV foi realizado a obtencdo da diferenca
entre os valores pré e pés de cada grupo, submetidas ao
teste de Mann-Whitney (significancia de 5%). Diferencgas
foram observadas (p<0,05) entre as avaliacdes pré e pos-
-operatorias no PBV (proteina total e albumina), ambos os
grupos (pressao parcial de oxigénio arterial) e no Controle
(saturagdo de oxigénio arterial). Ndo houve sinais de rea-
¢do adversa ao corante azul patente V em cadelas saudaveis
submetidas ao mapeamento linfatico uterino.

TERMOS DE INDEXAGAO: Mapeamento linfatico uterino, azul pa-
tente V, anafilaxia, hipersensibilidade, cadelas, corante vital.

INTRODUCTION

The blue dye infusing into tissue has been used since the first
decades of the last century and allows visualization of the
lymphatic vessels and lymph nodes (Sanders & Florey 1940).
Since there is a high incidence of uterine cancer in humans,
several studies were conducted to provide a better unders-
tanding about the lymphatic drainage of this organ (Burke
etal. 1996, Echt et al. 1999, Levenback et al. 2002, Altgassen
etal. 2007, Bin Li et al. 2007). Uterine malignant neoplasias
are rare in dogs, although some papers have reported the oc-
currence (Cave et al. 2002, Klein 2007, Wenzlow et al. 2009,
Tsioli et al. 2011). In contrast, cases of canine uterus infec-
tion and inflammation are very common (Watts et al. 1998,
Pretzer 2008, Fontaine et al. 2009). Studies focusing on re-
liable prognostic factors, that might also be used to reach an
early diagnosis of uterine diseases, have increased (Weiss et
al. 2004, SantAnna et al. 2014, Mir et al. 2013).

Lymph nodes receives drainage from specific regions of
the body and responds in a particular manner to each type
of disease (Cowell et al. 2003). The assessment of sentinel
lymph nodes by observing changes in their characteristics
in cases of uterine disorders in dogs could facilitate early
diagnosis and establish patterns for utilization in non-inva-
sive auxiliary exams.

The patent blue dye belongs to the family of triphenyl-
methane dyes, which are widely used for coloring textiles,
paints, cosmetics, foods (E131), and drugs, such as laxati-
ves (Montgomery et al. 2002, EFSA 2013). This dye is wi-
dely used for human lymphatic mapping, for research, and
for clinical purposes (Aquino et al. 2012, Viehl et al. 2013).

Although the prevalence of anaphylaxis in small ani-
mals is unknown, it is likely that anaphylactic reactions
have become more frequently observed due to the increa-
sing exposure of patients to antigenic substances (Shmuel
& Cortes 2013).

Hypotension and cardiovascular collapse are the mainly
circulatory changes observed in dogs, as well as signs of li-
ver abnormalities (Greenway & Oshiro 1973, Dowling 2009,
Quantz et al. 2009). Anaphylactic clinical reactions are spe-
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cies-dependent and associated with high concentrations of
mast cells in the regions (Noviana et al. 2004, Fujita 1964).
The gastrointestinal tract and liver venous system are affec-
ted first, resulting in hepatic congestion and portal hyper-
tension (Greenway & Oshiro 1973, Quantz et al. 2009).

Several reports of severe adverse reactions to the patent
blue V dye have been reported (Jeudy et al. 2008, Bricou et
al. 2009, Hunting et al. 2010, Lucas et al. 2010, Hou-Chuan
Lai et al. 2011). These reactions are possibly associated
with IgE actions, but the mechanisms underlying the al-
lergic reaction to patent Blue remain unclear (Mertes et al.
2008, Hunting et al. 2010).

Mostly patients undergoing lymphatic mapping are
submitted to local and/or general anesthesia. It is known
that drugs administered for anesthesia procedures can in-
terfere with an animal’s physiological parameters. Isoflu-
rane is an inhaled halogenated anesthetic that has minimal
cardiovascular effects (Conceicao et al. 2005). This drug
does not sensitize the myocardium to catecholamine and
induces peripheral vascular resistance and blood pressure
by decreasing 3-adrenergic stimuli (Paget et al. 1991). The
use of blue dyes associated, or not, with local anesthetics
can cause allergic reactions, suggesting that blue dye itself
is a potential allergen (Hirsch et al. 1982). There are no re-
ports of adverse reactions in dogs using patent blue dye,
but several reports of anaphylactic reactions are described
in humans, with symptoms such as erythema, hypotension,
tachycardia, and decreased oxygen saturation (Hirsch et al.
1982, Del Massa et al. 2005, Shinzato et al. 2006, Jeudy et
al. 2008, Bricou et al. 2009, Hunting et al. 2010, Lucas et
al. 2010, Rodrigues et al. 2010, Hou-Chuan Lai et al. 2011).

The objective of this study was to identify the occur-
rence of adverse reactions to patent blue V dye in bitches
submitted to uterine lymphatic mapping procedures using
cardiovascular and hematological evaluations.

MATERIALS AND METHODS

Ethics statement. The study was approved by the animal
ethics committee of the institution, the Ethics Committee on the
Use of Animals - Universidade Estadual de Londrina (n° 183/12).
All of the procedures were authorized by the owners of the dogs.

Dye. A sterile, buffered concentration of 2.5% aqueous solu-
tion of patent blue V dye (Bleu Patente V®, Delpharm Tours, Cham-
bray Lés Tours, France) was used for the uterine lymphatic ma-
pping. The bis sodium salt of patent blue V (dietilamino-4-fenil)
(hidroxi-5-dissulfo-2,4-fenil) anhydride methanol is a member of
the triphenylmethane family. Regardless of the route of adminis-
tration, patent blue V dye is eliminated within 24-48 hours by bile
and mainly by urine, which becomes strongly colored. For this ex-
periment 0.4 to 0.6mL of patent blue V was used, divided in three
subserosal injections (one on each horn and one in uterine body).

Animals. Healthy mongrel bitches (n=14) aged from 1 to 6
years (2.4+1.3) and weighing between 7 and 15 kg (8.6+3.8) were
submitted to elective ovariohysterectomy (OHE). These dogs were
randomly assigned into two equal groups: Patent blue v dye uteri-
ne infusion and OHE group (PBV) and OHE only group (Control).

Anesthetic-analgesic protocol. Intramuscular acepromazi-
ne (0.03 mg/kg) and morphine (0.5mg/kg) were used 30 minu-
tes before surgery for the pre-anesthetic medication. Anesthesia
was induced by intravenous propofol (5mg/kg) and maintained
with inhaled isoflurane, with a 100% fractional inspired oxygen



Evaluation of physiological parameters of dogs submitted to uterine lymphatic mapping using patent blue V dye for anaphylaxis detection

concentration (FiO,). Fentanyl (5ug/kg, intravenous) was admi-
nistered 5 minutes before clamping the ovarian pedicles. A sin-
gle subcutaneous injection of Ketoprofen (1mg/kg,) was used for
analgesia during sugery and oral meloxicam (0.1mg/kg, every 24
hours for 4 days) were used to relieve postoperative pain.

Experimental groups. The seven bitches in the PBV group
were submitted to uterine lymphatic mapping and OHE. After the
celiotomy, uterine location and abdominal cavity isolation, 0.4ml
of patent blue dye was injected into the subserosal layer of the
uterine body and horns using a 1-ml syringe and a 26G needle.
The OHE was performed 10 minutes after massaging the local ap-
plication.

In the Control group, the seven bitches were submitted only
to OHE, using the technique of 3 clamps for hemostasis and the
transfixion of the ovarian pedicles and uterine stump with non-
-absorbable Nylon 2-0 (Shalon suturas, Goiania, Brasil).

Hematological parameters. Venous blood samples (5ml)
were collected about 1 hour before surgery and 7 days after the
OHE procedure in conjunction with skin suture removal from
the external saphenous and/or jugular veins. The following bio-
chemical parameters were assayed with Dimension Xpand plus®
equipment (Siemens Healthcare Diagnostics Inc - EUA): total se-
rum protein (PT), albumin (ALB), serum creatinine (CRE), alanine
amino transferase (ALT), and alkaline phosphatase (ALP). The re-
ference values to the biochemical parameters were: ALT- 10 to 88
UI/L; ALP- 10 to 96 UI/L; PT- 5.4 to 7.5g/dL; ALB- 2.3 to 3.8mg/
dL; CRE- 0.5 to 1.5mg/dL (Viana 2007).

For the blood gas analysis, an internal femoral artery puncture
with a heparinized syringe was performed pre- and postopera-
tively, immediately after intubation and extubation, respectively.
The following variables were analyzed with blood gas immedia-
tely after collection (OmniC, F. Hoffmann - La Roche Lmta): arte-
rial partial pressure of oxygen (PO,), arterial partial pressure of
carbon dioxide (PCO,), arterial oxyhemoglobin saturation (SO,),
arterial bicarbonate (HCO,), and arterial blood pH.

Cardiovascular parameters. Heart rate values were recor-
ded every 5 minutes using an esophageal stethoscope. Heart rate
values 20% above baseline or 160bpm were considered tachycar-
dia. Systolic blood pressure was monitored by manual measure-
ments every 5 minutes using a sphygmomanometer with a cuff
adapted to the left forelimb below the elbow joint and a Doppler
(DV-10®, Microem Produtos Médicos Ltda, Brasil). For systolic
blood pressure values up to 80mmHg (10% below the value con-
sidered the lower physiological limit 90mmHg) were considered
normal for systolic blood pressure.

Statistical analysis. Comparisons between the pre- and pos-
toperative parameters within the same animal were performed
using the Wilcoxon-Mann-Whitney test. For comparison of va-
lues between groups, first was obtained the difference between
the pre and postoperative moment of each group, and after, these
differences were evaluated by Mann-Whitney test. BioStat 5.0 sof-
tware (Instituto de Desenvolvimento Sustentavel Mamiraud, Tefé-
-AM, Brazil) was used, with a level of statistical significance of 5%.

RESULTS

Surgery procedure
The mean duration of the surgery was 54.3 (+¥6.1) mi-
nutes for the PBV and 42.9 (¥8.6) minutes for the Control.

Hematological parameters

The serum biochemical parameters and the blood gas
parameters are presented in Table 1.

Among the biochemical parameters in the PBV group,
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Table 1. Median (Q1-Q3) of serum biochemical parameters
in the pre-operative and after 7 days from surgery and
arterial blood gas parameters in pre and immediate
postoperative of 7 bitches subjected to lymphatic mapping
with patent blue V dye and OHE (PBV) and 7 bitches
subjected only to OHE (Control). Londrina, 2013

Parameters Groups
PBV Control
ALT (U/L) Pre 43(39-49) 40 (37-58)
Post 38 (38-42) 43 (42-49)
ALP (U/L) Pre 59 (55-76) 69 (60-93)
Post 67 (52-83) 86 (79-96)
Protein (g/dL) Pre 6.8* (6.5-7.5) 6.1 (5.9-7.3)
Post 6.4* (6.3-6.5) 6.5 (6.1-7.1)
Albumine (g/dL) Pre 2.6% (2.5-2.8) 2.7 (2.7-2.8)
Post 2.5% (2.3-2.7) 2.9 (2.7-3.0)
Creatinine (mg/dL) Pre 0.98 (0.88-1.06) 1.00 (0.85-1.00)
Post 1.00 (0.88-1.23) 1.00 (0.90-1.15)
PO,(mmHg) Pre 221.2%(153.8-331.3) 409.9* (263.3-437.5)
Post 102* (92-105) 87.5* (87.0-97.5)
S0,(%) Pre  99.6(99.1-99.9) 99.9% (99.8-100,0)
Post 96.7 (95.6-97.2) 95.1* (93.9-96.0)
PCO,(mmHg) Pre  40.7 (39.9-46.9) 43.2 (40.4-49.7)
Post 44.9 (42.9-45.6) 449 (42.1-47.7)
cHCO,(mmol/L) Pre  20.6 (20.4-21.5) 20.2 (19.6-22.0)
Post 21.1 (21.0-22.0) 19.3 (19.0-22.2)
pH Pre 7.32 (7.27-7.35) 7.29 (7.27-7.31)
Post  7.30 (7.30-7.31) 7.30 (7.27-7.35)

* Values which showed significant differences within each group (p<0.05).
PO2 = arterial partial pressure of 02; SO2 = 02 arterial saturation; PCO2
= arterial partial pressure of CO2; cHCO3 = arterial bicarbonate concen-
tration.

there were differences (P<0.05) in the total protein and al-
bumin levels, with higher values in the preoperative evalu-
ation compared with the postoperative values. There were
no differences (P>0.05) in the biochemical parameters for
the control group and when compared the difference of pre
and post-operative moment between the groups.

There were no differences (p>0.05) in blood gas para-
meters when compared the difference of pre and post-ope-
rative moment between the groups. There were differences
(p<0.05) between the pre- and postoperative periods in the
arterial PO, of both the PBV and the Control groups and in
the arterial SO, of the Control group. In both cases, higher
values were observed in the preoperative evaluation com-
pared with the postoperative values.

Cardiovascular parameters

The dispersion of heart rate and systolic blood pressu-
re values of each animal is demonstrated in four box plot
graphics (Fig,1). In Table 2 it is possible to observe the di-
fference between the systolic blood pressure and the heart
beat at the time of patent blue v dye infusion and five mi-
nutes later.

DISCUSSION

The widespread use of patent blue dye implies that a large
number of individuals have already been exposed to this
compound. The patent blue V belongs to the family of tri-
phenylmethane dyes, which are widely used for coloring
textiles, paints, cosmetics, foods (E131), and drugs such as
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laxatives (Montgomery et al. 2002, EFSA 2013). This fact
may partially explain the numerous reports of type [ hyper-
sensitivity reactions in human patients undergoing lym-
phatic mapping using this dye, as these reactions typically
occur after a previous exposure to the allergen (Montgo-
mery etal. 2002, Hunting et al. 2010).

In the present study, blue-colored urine was observed
in all of the G-PBV animals immediately after surgery. This
adverse effect is in agreement with the package insert of
this drug and with a previous report (Hou-Chuan Lai et al.
2011).

The physiological parameters clearly indicate that the
animals used in the present study did not exhibit hyper-
sensitivity to this dye, confirming the reported absence
of hypersensitivity reactions to the patent blue V dye in
dogs. As observed in Table 1, all of the biochemical para-
meters evaluated were within the normal range, including
total protein and serum albumin (reference values: 5.4 to
7.5g/dl and 2.3 to 3.8mg/dl respectively), which showed
pre- and postoperative levels that were different in the ex-
perimental group (Viana 2007). It is most likely that this
difference does not have any clinical relevance because no
therapeutic intervention took place and all of the patients

Rebeca C. Justino et al.

remained clinically stable postoperatively. The decrease in
the serum protein concentration may be associated with
the appetite loss that often occurs following invasive pro-
cedures, such as OHE, even when analgesics are used (Har-
die et al. 1997, Mathews 2000). This finding also may also
be related to the manipulation of the abdominal structures
and the duration of the procedure, which were both greater
in the G-PBV group.

The heart rate and systolic blood pressure remained
clinically stable throughout the surgical procedure in both
groups, even immediately after the dye infusion. The va-
lues obtained in this study, in both groups, are similar to
those found by Borges et al. (2008), in control group (heal-
thy dogs maintained in general anesthesia with isoflurane
inhalation). In the reactions observed in humans, most of
the patients showed signs of a reaction a few minutes after
the infusion (Del Massa et al. 2005, Rodrigues et al. 2010).

There were no differences (P>0.05) in the ALT levels be-
tween the pre- and postoperative periods in both groups,
and the values remained within the normal physiological
limits, suggesting no signs of anaphylaxis in the animals
submitted to patent blue V dye (Viana 2007, Quantz et al.
2009). After anaphylaxis, ALT serum levels can rapidly in-
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Fig.1. (A) Graphics of box plot distribution of: heart beat (bpm), (B) systolic blood pressure (mmHg) of 7 bitches (A1-A7) during uterine
lymphatic mapping with patent blue V, followed by OHE; (C) heart beat (bpm); (D) systolic blood pressure (mmHg) of seven bitches
(A8-A14) during ovariohysterectomy procedure. Boxes represent the range values from the 25th percentile to the 75th percentile.
The median is represented by symbol ( ¢). The minimum and the maximum values are showed at the end of the whiskers.
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Table 2. Values of heart beat and systolic blood pressure at
the moment of patent blue v uterine infusion and 5 minutes
later in G-PBV bitches (subjected to lymphatic mapping with

patent blue V dye and OHE). Londrina, 2013

Animals Heart beat (bpm) Sistolic blood pressure (mmHg)
5 min. Infusion After 5 min. Infusion  After
before 5 min. before 5 min.

Al 102 118 124 110 120 120
A2 100 88 92 112 100 100
A3 108 108 120 98 100 124
A4 112 128 112 120 132 120
A5 116 112 108 96 90 92
A6 92 96 116 88 90 96
A7 96 92 100 90 90 98

crease due to liver injury and then return to the normal
range after 2-3 weeks. Although this elevated level is not
a specific marker for anaphylaxis, it may occur during se-
vere cases of type 1 hypersensitivity reactions (Quantz et
al. 2009).

Patent blue V dye has been widely used for lymphatic
mapping in human patients suffering from cancer (Bats et
al. 2011, Lavy etal. 2014, Verbeek et al. 2014). The accuracy
of some of the parameters evaluated during the anesthesia
monitoring, such as pulse oximetry, can be affected by this
dye (Hou-Chuan Lai et al. 2011). Lymphatic mapping using
isosulfan dye in dogs reduced the transcutaneous oxygen
saturation, although no significant decrease was observed
in the blood gas analysis (Kahlenberg et al. 2001). The diffe-
rences between the pulse oximetry and blood gas analysis
values can be explained by the interference of the isosulfan
dye in the absorption spectra of the oxyhemoglobin from
the pulse oximeter (Hou-Chuan Lai et al. 2011, Kahlenberg
etal. 2001). In the present study, the PO2 concentrations in
both groups remained above minimal physiological descri-
bed for dogs (Kaneko 1997). The differences observed in
the PO, concentration between the pre- and postoperative
periods in both groups can be explained by the interval be-
tween the extubation and the blood collection (range 1-5
minutes). During intubation, all of the animals were recei-
ving 100% oxygen. Importantly, no significant differences
(P>0.05) were observed between the groups when compa-
ring the blood gas parameters. Therefore, it can be inferred
that there was no interference of the dye in these parame-
ters, and there were no signs of anaphylaxis.

Many authors have described systemic cardiovascular
signals associated with hypersensitivity in humans, and hy-
potension was the most cited (Shinzato et al. 2006, Bricou
et al. 2009, Hunting et al. 2010, Lucas et al. 2010). Hypo-
tension caused by an anaphylactic reaction to dyes can be
confused with the hypotension commonly observed during
anesthesia and is usually reversed by the pain stimuli from
the surgical procedure, superficialization of anesthetic le-
vel, and an increase in intravenous fluids (Hunting et al.
2010). In the present study, there was no systolic blood
pressure decrease that suggested hypotension caused by
the patent blue dye.

Itis noteworthy that the animals used in this study were
healthy and presented normal preoperative parameters. In
addition, there were no owner complaints and no reports

of changes in clinical signs. Conversely, mostly of the re-
ports of anaphylactic reactions in humans comprise indivi-
duals suffering from chronic diseases, as cancer (Mertes et
al. 2008). This difference in health status may be relevant
to the occurrence of anaphylactic reactions, and its influen-
ce on the imbalance of the immune system should be con-
sidered.

CONCLUSSION

Based on the evaluations of serum biochemical parame-
ters, as ALT and ALP, and cardiovascular parameters, such
as heart rate and systolic blood pressure, it is possible to
suggest that patent blue V dye is safe for use in healthy bi-
tches during uterine lymphatic mapping.
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