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Abstract Introduction Adrenaline-soaked wicks are often employed to decongest nasal
mucosa during transsphenoidal pituitary surgeries to ensure proper hemostasis and
visibility of the operating field. Considerable debate exists regarding the optimum
concentration of adrenaline that strikes a balance between hemostasis as well as the
hemodynamic side effects of adrenaline. This study assessed cardiac indices like cardiac
output and cardiac index using a FloTrac Vigileo cardiac output monitor to compare
two different concentrations of adrenaline used for topical instillation.
Methods and Materials 60 adult patients undergoing transsphenoidal pituitary
surgery were randomly assigned to receive cotton wicks soaked in adrenaline solution
(either 1:100,000 or 1:200,000) for nasal decongestion. Following a standardized
anesthetic regime, a FloTrac Vigileo cardiac output monitor was attached with the
invasive arterial line for precise monitoring and recording of cardiac indices (cardiac
output and cardiac index). Additionally, quality of surgical field (as reported by the
operating surgeon) blood loss, incidences of adverse hemodynamic events, and rescue
drug usage were recorded.
Results No difference in cardiac outputs and cardiac indexes of the patients was
observed during baseline to 55minutes and at 80minutes and onward, whereas
difference rose to statistical significance at the time points of 60minutes and
70minutes (p<0.05). Other parameters like stroke volume, stroke volume variation,
and hemodynamic parameters were similar. Quality of the surgical fields (as reported
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Introduction

Endoscopic transsphenoidal pituitary surgery (ETSS) is the
standardizedandcommonlyperformed surgical technique for
the treatment of pituitary tumors.1 The nasal mucosa, espe-
cially of the inferior turbinates, being extremely vascular is
prone tooozing,whichcanconsiderably impair theviewof the
surgical field leading to prolonged operative times, incom-
plete surgical interventions, difficulty in identifying land-
marks, and injury of important anatomical structures.2,3

Various strategies to reduce bleeding during ETSS include
head elevation, hypotensive anesthesia, total intravenous
(IV) anesthetics, injecting or topical usage of vasoconstrictive
drugs such as cocaine, oxymetazoline, and adrenaline.4

Adrenaline functions as a capillary vasoconstrictor, and being
inexpensive and easily available it is commonly used intrana-
sally (either as submucosal injection or topical mucosal
application) during ETSS.5 Systemic absorption of adrenaline

can cause hypertension and tachycardia secondary to raised
cardiac output (CO). The elevated CO can be counterproduc-
tive as it can increase surgical site bleeding thereby obscur-
ing the field. There is lack of consensus on the exact dosage
of adrenaline that should be used in ETSS and diverse
concentrations ranging from 1:200,000 to 1:1000 topically
and 1:200,000 to 1:50,000 for infiltration have been used.6

Various techniques have been developed to determine the
CO using the arterial wave form. Among them, the FloTrac
system (Edwards VigileoTM system; Edwards Lifesciences,
Irvine, California, United States) uses the FloTracTM sensor
connected to arterial pressure tubing, does not require
calibration, and provides continuous CO measurements
from the arterial pressure wave7 (►Fig. 1). Additionally,
cardiac index (CI), stroke volume (SV), stroke volume varia-
tion (SVV), and stroke volume index (SVI) are some of the
other values that can also be derived by the analysis of
arterial wave forms.

Fig. 1 FloTrac device.

by the surgeon), intraoperative bleeding, incidences of adverse effects, and frequency
of rescue drugs usage were similar.
Conclusion Instillation of 1:100,000 dilution of adrenaline solution compared with
1:200,000 for nasal decongestion is associated with significant rise in cardiac output
and cardiac index at 60 and 70minutes of the surgery with similar blood loss and
hemodynamic variables. Therefore, the lower concentration of adrenaline can be
recommended for usage during transsphenoidal pituitary surgeries.
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In our institute, traditionally 1:100,000 dilution of adren-
aline was used topically for vasoconstriction in ETSS. We
hypothesized that lowering the concentration of adrenaline
to 1:200,000 will provide lesser increase of CO and better
preservation of hemodynamic parameters measured sensi-
tively using a FloTrac device without compromising hemo-
stasis and quality of the surgical field.

We, therefore, designed and undertook this randomized
prospective comparative study to compare two different
concentrations—1mg/mL saline (1:100,000) and 0.5mg/mL
in 100mL saline (1:200,000) of nasal adrenaline instillation
on the hemodynamic profiles and CIs obtained from FloTrac
device during ETSS for pituitary adenomas under general
anesthesia as the primary objective. Secondary objectives
were to compare the quality of surgical field, blood loss, and
adverse effects encountered.

Materials and Methods

Following approval from the Institute Ethics Committee
(2020-14-MD-114 dated 17 February 2020) and subsequent
to registering the trial with the Clinical Trial Registry of India
(CTRI/2020/03/024374 [Registered on: 31/03/2020]), and
obtaining written and informed consent from eligible
patients, 62 eligible patients who were undergoing ETSS
for pituitary adenoma under general anesthesia were en-
rolled in this prospective randomized patients and data
analysis blinded, parallel group study using consecutive
sampling (►Fig. 2). The study was conducted between
20/07/2020 and 14/07/2021 in the neurosurgery operation
theaters of Sanjay Gandhi Postgraduate Institute of Medical
Sciences, Lucknow, India. Enrolled patients were given the
option to withdraw themselves from the study at any

moment without stating any reason. Patients (18–65 years)
of either gender belonging to American Society of Anesthesi-
ologists physical status I or II and who were undergoing
transsphenoidal surgery for pituitary adenomas were eligi-
ble for inclusion. Patients who were unable (legally incom-
petent) or unwilling to give consent, patients with decreased
level of consciousness, raised intracranial tension, recurrent
pituitary tumor, and pituitary apoplexy; patients with any
cardiac pathology, severe hypertension, or previous nasal
surgery; patients with history of allergy to any of the study
drugs; and patients of body weight less than 40 kg were
excluded from the study.

Sample size was calculated based on a pilot study con-
ducted on five patients in each group where COs were com-
pared. CO ingroup1 (0.5mg)andgroup2 (1mg)obtainedwere
4.05�0.15 and 4.16�0.13, respectively (effect size between
means¼0.784). Atminimum two-sided 95% confidence inter-
val and80%powerof thestudy,minimumrequired sample size
in group 1 and group 2 came out to be 27. Finally in this study,
we included 30 patients in each group to account for study
errors or attrition. Sample sizewas estimatedusing softwareG
Power version—3.1.9.2 (Düsseldorf University, Germany).
Based on a computer-generated sequence of randomization
(obtained from http://www.randomization.com), a 1:1 group
allocation was done and was kept concealed in opaque sealed
envelopes.

All the eligible participants were briefed about the study
protocol, its potential harm, and benefits. Only the willing
patientswere recruited after obtainingwritten and informed
consent in English or Hindi 1 day prior to surgery stating
their willingness to be included in the study. They were
informed categorically that they can withdraw themselves
from the study at any time without stating any reason. The
research participants were treated with highest ethical
standards as per the Declaration of Helsinki.

On the night before surgery, during their preanesthetic
check-up, the eligible patientswere apprised of their inclusion
in the trial and explained in detail the manner of conducting
the study. Their detailed history, examination, and routine
preoperative investigations were again reviewed.

All patients were premedicated with tablet alprazolam
0.04mg/kg and tablet ranitidine 150mg the night before
and 2hours before surgery. On the day of surgery, upon arrival
to theoperation theater, IVaccesswasachievedwith16or18G
IV cannula under local anesthesia with 2% lignocaine. Five-
lead-electrocardiogram, noninvasive blood pressure (NIBP),
and pulse oximetry were attached. Under local anesthetic
infiltration, a 22G arterial cannula was placed in the radial
artery of the nondominant hand and the FloTrac Vigileo
monitor system (Edwards Lifesciences, Irvine, California, Unit-
edStates)was connected to the cannula andbaselinedata (age,
weight, and height) were entered to calibrate the machine.
Baseline values of CO, CI, SVV, SV and IBP were recorded.

Following preoxygenation with 100% oxygen for 3 to
5minutes, induction of anesthesia was performed with
titrated doses of midazolam (0.05–0.15mg/kg IV), fentanyl
(1–2 μg/kg IV), and 2% propofol (20mg/mL) (1–2.5mg/kg IV).
Following administration of IV vecuronium (0.08–0.1mg/kgFig. 2 Consolidated Standards of Reporting Trials (CONSORT) statement.
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IV), the patients’ trachea was intubated with appropriate-
sized polyvinyl chloride cuffed endotracheal tube. Additional
monitoring comprising of capnography (ETCO2), nasopha-
ryngeal temperature, bispectral index (BIS), train of four
(TOF), and Foley’s catheter for urine output were attached.
Anesthesiawasmaintained using oxygen, air (50% each), and
sevoflurane 0.6 to 2.4% (inspired) started immediately after
induction. Muscle relaxationwasmaintained by vecuronium
infusion at 0.0008 to 0.001mg/kg. Posterior pharyngeal
packing was done with moist cotton gauze to avoid entry
of the surgical bleeding to trickle into the esophagus.

Based on random number tables generated through com-
puter program, sequentially numbered sealed envelopes
containing the randomization codes were prepared before-
hand for allotment of patients in two different groups. These
sealed envelopes were now opened by the scrub nurse (not
involved in the outcome assessment) before laying the
surgical trolley and based on the codes either of the two
different concentrations of adrenaline solution for instilla-
tion in the two groups were prepared and laid on the trolley
for nasal instillation using cotton strips.

Group 1: adrenaline (0.5mg/mL) diluted in 100mL nor-
mal saline (1:200,000)

Group 2: adrenaline (1mg/mL) diluted in 100mL normal
saline (1:100,000)

The concentrations were not divulged to the anesthesiol-
ogist and the surgeon. Cotton strips were now dipped in the
solution to absorb it fully and then the excess solution was
carefully squeezed until the cotton strip was saturated but
not dripping even upon compression. Removal of the excess
solution was done over the solution to avoid waste. After
sterile painting and draping, cotton stripswere then inserted
in the nasal fossae (one each side), using nasal speculum and
this procedure of nasal mucosal preparation continued
for 10 to 15minutes. Thereby, patients in group 1 received
1:200,000 adrenaline solution, whereas those in group 2
received 1:100,000 adrenaline solution in the nasal cavity by
the operating surgeon. Patients were now placed in supine
with slight head raised and tilted position. After approxi-
mately 10 to 15 minutes of repeated packing and removal of
cotton strips soaked in adrenaline solution, which allowed
for the drug to be absorbed, surgery commenced. Hemody-
namic parameters and CIs were continuously recorded every
5minutes for the first 1 hour and thereafter at every
10minutes interval till the end of surgery by the single
anesthesiologist who conducted all the cases and was
blinded to the group allocation. All the patients were moni-
tored using BIS that was targeted to be maintained between
40 and 60 throughout the operative procedure. TOF was kept
less than 2 throughout the surgery. Normocapnia was main-
tained (35–40mm Hg) by adjustment of ventilatory param-
eters and normothermia (35.5–36.5°C) wasmaintained with
warming blankets, covering the exposed parts of the body
and warm saline infusions. Intraoperative fluid administra-
tion was guided by the hourly maintenance requirements
and losses and was done with 0.9% normal saline. The
hemodynamic parameters were targeted to be maintained
within 20% of the baseline values and the intraoperative

management was done at the discretion of the attending
anesthesiologist. In case of persistent mean arterial pressure
(MAP) more than 25% of the preinduction baseline values
and/or heart ratemore than 90bpm suggestive of inadequate
analgesia, initially 0.5 μg/kg of fentanyl was administered.
This was followed by injection metoprolol in intermittent
dose of 1mg/dose. If blood pressure could not be controlled
with metoprolol injection, injection labetalol 5 to 10mg
bolus every 5minute (maximum 200mg) was administered.
Lastly esmolol was considered with a loading dose of
500 µg/kg over 1minute and maintenance dose of 50 to
100 µg/kg/minute over 4minutes was used for controlling
the blood pressure. In case of hypotension (MAP<25%) of
baseline, correction was first attempted with fluid bolus
(100mL) and if unresponsive, then with injection mephen-
termine 6mg bolus. Treatment of bradycardia (heart rate
<40/min) with atropine (0.6mg IV) and of arrythmias as per
Advanced Cardiac Life Support (ACLS) protocol was also
planned. Usage of rescue drugs was also recorded

At the completion of surgery, the blood content in the
suction canister and the blood soaked in the gauze strips
were measured. The volume of blood in the suction canister
was calculated by subtracting the irrigation saline used
during the procedure and the volume of blood soaked in
cotton strips was calculated by counting the strips that were
partially or completely soaked with blood.

The single operating surgeon, who was blinded to the
patient group allocation, evaluated the surgical field quality
using the Boezaart scale8 and graded it. It included five
grades with grade 0 being no bleeding, grade 1 stated slight
bleeding where no suction was required, grade 2 included
slight bleeding and occasional suction was required, grade 3
also included slight bleeding but frequent suctioning was
required, grade 4 definedmoderate bleeding where frequent
suctioning was needed, and surgical field was threatened
and grade 5 includes severe bleeding that required constant
suctioning and surgical field was threatened to such an
extent where surgery could not be possible due to flooding
of surgical field view.

At the end of surgery, sevoflurane was discontinued and
muscle relaxation was reversed on obtaining a TOF count of
3. Oral throat pack was removed. All the patients were
extubated inside the operation theater when the extubation
criteria were met. The patients were then transferred to the
post-anesthesia care unit for further care and monitoring
from where they were shifted out once the transfer criteria
were fulfilled (Aldrete score �9).

Results

In this study, a total of 62 patients were enrolled, of which 60
patients were analyzed. Analysis of baseline characteristics
(age, weight, height, bodymass index, duration of anesthesia
and surgery, and blood loss) revealed no significant
difference between the study groups for the patients
(p<0.05; ►Table 1). Comparison of the CIs revealed that
therewas no difference in COs and CI of the patients between
two study groups during baseline to 55minutes and at
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80minutes and onward whereas difference was statistically
significant at the time points of 60minutes and 70minutes
(p<0.05;►Fig. 3A and B). Among other indices, SV and SVVs
also did not vary among the groups throughout the study
period. Hemodynamic parameters (heart rate, systolic blood
pressure, diastolic blood pressure, MAPs, and ETCO2 read-
ings) were similar among the two groups (►Table 2). How-
ever, the values of ETCO2 varied at 60 and 70minutes
(p<0.05; ►Table 2; ►Fig. 4). The quality of the field of
surgery and assessment of blood loss was performed using
a standardized validated scale. Both the groups were com-
parable in terms of the quality of the surgical fields
(p¼0.549). Usage of rescue drugs for treating hemodynamic

perturbations was also compared and it was found to be
similar in both the groups (►Table 3).

Discussion

Pituitary tumors are relatively common tumors with their
frequencies depending on age (40–60 years) and sex (fe-
male preponderance).9 Options for the treatment of pitui-
tary adenomas include transsphenoidal surgical resection,
irradiation, and medical therapy10 Surgery is usually con-
sidered as the first-line treatment for large nonfunctioning
adenomas with compression of the optic apparatus and
majority of functioning tumors.11 The transsphenoidal ap-
proach to the pituitary gland is frequently used because it is
less invasive, provides direct access, and is faster.12 Hemo-
stasis is essential for the endoscopic visualization of ana-
tomic structures and the avoidance of catastrophic injuries.
Bleeding here is primarily capillary in origin and responds
to local vasoconstrictors.8

In our study, adrenaline was topically administered in the
nasal cavity for decongestion and invasive monitoring was
performed to obtain accurate and precise hemodynamic data
by measuring the maximum absolute change from baseline
using a FloTrac device and Vigileo monitor. When CIs were
compared in both the study groups, we found that baseline
readings of the CO were higher in the group 2 patients
(1:100,000) concentration in comparison to group 1
(1:200,000) patients. At the time of start of nasal packing
with the cotton wicks soaked with different adrenaline
concentrations, it was found that there was increase in
mean values of CO in group 1 patients compared with group
2 but again 5minutes after the endonasal packing, values of
CO were found to be increased in group 2 (1:100,000)
patients and remained consistently high throughout the
dissection phase of the procedure. The values were found
to be significant at 60 and 70minutes of the surgery
(►Fig. 2A). The CO trends dropped in group 2 patients
(1:100,000) after the tumor was removed but again rose at
the end of the surgery in comparison to group 1 patients

Table 1 Baseline characteristics, duration, and blood loss in study patients (n¼60)

Variables Concentration (mg/mL) p-Value

Group 1
(0.5mg/mL [n¼30])

Group 2
(1mg/mL (n¼30)]

Mean SD Median Mean SD Median

Age (years) 39.83 15.35 37.5 39.2 12.43 38 0.861

Weight (kg) 68.33 12.42 68 69.11 14.48 66.9 0.929

Height (cm) 161.24 8.19 162 161.03 8.45 163 0.767

BMI (kg/m2) 26.26 4.31 25.59 26.68 5.31 26.86 0.626

Duration of anesthesia (minutes) 252.6 80.09 240 231.6 58.6 232.5 0.369

Duration of surgery (minutes) 178.17 62.58 170 168.03 53.14 157.5 0.806

Total blood loss (mL) 448.17 258.97 465 416.63 301.14 350 0.077

Abbreviations: BMI, body mass index; SD, standard deviation.
Independent samples t-test / Mann–Whitney U test used. p< 0.05 significant.

Fig. 3 (A) Distribution of cardiac output (CO) of the study groups. (B)
Distribution of cardiac index (CI) of the study groups.
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(1:200,000). Similarly, Panda et al compared the COs using
FloTrac monitor in functional endoscopic sinus surgery in 30
patients using two different concentrations of adrenaline
(1mg of adrenaline diluted in 20mL normal saline in group 1
and 4mg adrenaline diluted in 20mL normal saline in group
2).13 The numerical values of mean CO were found to be
higher in group 2 patients compared with group 1 patients.
They concluded that there was no significant difference in
values of CO obtained (4.06�0.161 vs. 4.145�0.131).

CI was compared and no difference was observed in the
patients between two study groups during baseline to
55minutes and at 80minutes and onward (each p>0.05),
whereas difference was statistically significant at the time
points of 60minutes and 70minutes of the surgery in
1:100,000 concentration group (each p<0.05) reflecting
the similar trends of COs (►Fig. 2B).

In our study, we considered a systolic blood pressure
greater than 20% of the baseline as a hypertensive response.
Upon analyzing this parameter in isolation, we found a
smaller proportion of patients in group 1 than in group 2
who exhibited an increase in systolic blood pressure of more

than 20% from baseline (hypertensive response) following
nasal mucosal instillation of adrenaline. This number could
not reach statistical significance probably due to the small
sample size. This suggests that the dose needed to reduce
hypertensive responses could be considerably lower than
either dose used by us in our study. Similar study conducted
by Panda et al in 2012 observed consistently higher blood
pressure in patients receiving high concentrations of adren-
aline and also there was significant increase in the require-
ment of rescue drug used to treat hypertension in 4mg
adrenaline concentration group.13 Bhatia et al found rise in
blood group more than 20% of baseline in patients group
receiving infiltration of 1:200,000 adrenaline with 2% ligno-
caine as compared with 1:400,000 concentration group.14

ETCO2 also showed a significant difference during the
peak time of dissection phase at 60 and 70minutes suggest-
ing the proportional relationship between ETCO2 and CO
(►Fig. 4). Additionally, adrenaline due to its effect on
glycogen, fatty acid storage, activation of the adenylate
cyclase (or cyclic adenosine monophosphate) cascade,
results in glycogen and triacyl glyceride mobilization as
well as a general increase in metabolic rate which causes an
increase in carbon dioxide generation and consequently rise
in ETCO2.15 Likewise, Bhatia et al in their study had also
reported a significant rise of ETCO2 from baseline values
post-infiltration in both their groups.14

In our study, it was observed that the Boezaart grading
of the quality of the surgical field and volume of blood loss
estimated in the groups were similar (448.17 vs.
416.63mL; ►Table 1). Panda et al observed 168mL of blood
loss in higher concentrations of adrenaline group in com-
parison to 426mL in group receiving lower dose of adrena-
line topically.13 Lee et al in their study reported a mean
blood loss of 333.9mL in patients receiving 1:100,000 of
epinephrine.16 Cohen-Kerem et al assessed a mean blood

Fig. 4 Graphical presentation of hemodynamic parameters in both the groups. DBP, diastolic blood pressure; ETCO2, end-tidal carbon dioxide;
MAP, mean arterial pressure; SBP, systolic blood pressure.

Table 3 Distribution of use of rescue drugs in the study group

Rescue drugs Group 1
(n¼ 30)

Group 2
(n¼ 30)

p-Value

Metoprolol 10 (33.33%) 16 (53.33%) 0.121

Labetalol 15 (50%) 9 (30%) 0.117

Propofol 11 (36.67%) 10 (33.33%) 0.788

Mephentermine 8 (26.67%) 9 (30%) 0.777

Esmolol 1 (3.33%) 4 (13.33%) 0.165

None 7 (23.33%) 6 (20%) 0.756

Note: Chi-squared test/Fisher’s exact test used. p< 0.05 significant.
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loss of 203.5mL when adrenaline (1:1000000) was infil-
trated along with 1% lignocaine.17

Regarding the rescue drugs used to treat hemodynamic
events that occurred during the procedure, they were found
to be similar (►Table 3). In contrast, Panda et al13 in their
study had observed a significance increase in the require-
ment of rescue drugs to treat hypertension in patients
receiving higher concentration of adrenaline. The mean
infusion rate of nitroglycerine in group 2 (4mg) was higher
in comparison with that in group 1 (1mg). There were few
patients in the higher concentration of adrenaline who also
required additional boluses of injection metoprolol.

Our study had certain limitations that deserved to be
mentioned. First, we did not assess the catecholamine
plasma concentrations, particularly of adrenaline and
noradrenaline that would have provided us with a better
estimate. Second, we had used a validated grading scale
provided by Boezaart et al to assess intraoperative surgical
field quality which the operating surgeon was comfortable
with. This method has been criticized for compressing
grading scores and failing to distinguish modest bleeding
variances. The strengths of the study, on the other hand, were
that it was an adequately powered study with sizeable
number of participants. Second, a single surgeon performed
all the surgeries to avoid any subjective bias. Third, invasive
monitoring was used rather than noninvasive hemodynamic
monitoring to provide precise information.

Conclusion

The use of topical adrenaline in ETSS appears to be a safe and
successful way to achieve hemostasis, hence increasing the
surgical visibility, and minimizing blood loss. The key to
obtain cardio-stable hemodynamic parameters is to use a
lowered concentration (1:200,000 solution) compared with
the institutional standard concentration (1:100,000) that
provides an optimal balance between the hemodynamic
variables and a clear surgical field.
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