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Abstract: Background: Bleeding in Dacryocystorhinostomy (DRC) limits the surgeon’s sight and access. Tranexamic
acid, Remifentanil, and Hydralazine reduce intraoperative blood loss. However, no study has been carried out to
compare the efficacy of the latter drugs during DCR surgery. Methods: Ninety healthy candidates for DCR surgery
with chronic Dacryocystitis (aging 20-80) were randomly assigned in groups of 30 to receive low doses of Tranexam-
ic acid (TXA) (10 mg/kg with a maximum dose of 1000 mg), Remifentanil (0.1 u/kg), or Hydralazine (0.1 mg/kg). All
drugs were infused over 15 minutes before the initiation of surgery. The primary outcome was the bleeding volume
during the surgery and until 2 hours in recovery. This study was approved by the Iranian Registry of Clinical Trials
with the code of IRCT20210614051574N10 (https://en.irct.ir/trial/62759). Results: Thirty patients (mean age *
SD: 50.48+13.4) were investigated. Mean blood loss volume was lower in Remifentanil and Hydralazine groups
compared with the TXA group (P<0.05); there was no significant difference (P>0.05) in bleeding volume between
Remifentanil and Hydralazine groups (Tranexamic acid group: 146.83+91 ml, Remifentanil group: 77.6+52.1 ml, Hy-
dralazine group: 80.0+48.7 ml, 95% confidence interval, P<0.05). Conclusion: Our results show that Remifentanil

and Hydralazine are more effective than Tranexamic acid in bleeding control.
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Introduction

Dacryocystorhinostomy (DCR) surgery is a com-
mon ophthalmic surgery. The sources of bleed-
ing during the DCR could be angular vein, soft
tissue, periosteum, nutrient arteries of the
bone, sac, or dissected nasal mucosa. Since
the operating field is minimal, bleeding can
reduce the surgeon’s sight and access [1, 2].
Dacryocystorhinostomy (DCR) is a procedure
for treating a blocked tear duct or nasolacri-
mal duct obstruction. Typically, a DCR proce-
dure is performed if there is a complete or ne-
ar-complete duct obstruction. During DCR, a
new tear drain is created between the eye and
nose to bypass the blocked tear drain [1]. The
indications for DCR surgery are functional epi-
phoria secondary to Dacryolithiasis, chronic
Dacryocystitis, persistent congenital nasolacri-
mal duct obstruction resistant to previous tre-
atments, acquired nasolacrimal duct occlusion
[3].

Limited information is available regarding the
descriptions of intraoperative bleeding during
the DCR surgery [4]. However, the standard
procedures for control of bleeding include local
injection of lidocaine/adrenaline, hypotensive
anesthesia, head-up position, careful dissect-
ing of soft tissues, cauterization, nasal packing
with Epinephrine [5].

Tranexamic acid (TXA) is a medication used to
control bleeding [6]. The antifibrinolytic effect
of TXA takes place mainly by the reversible
blockade of lysine binding sites on plasminogen
molecules. TXA is associated with reductions
in blood loss in upper gastrointestinal bleed-
ing, menorrhagia and various surgeries. Patient
compliance is good; nausea and diarrhea are
the most common adverse events. The drug’s
increased risk of thrombosis has not been de-
monstrated in clinical trials [7, 8]. There are
case reports of thrombosis associated with
TXA; however, in one study, no thrombosis was
reported with intraoperative use [9].
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Induced hypotension (IH) during anesthesia
has been used to reduce blood loss during
surgery. A significant decrement in hemorrha=
ge irrespective of the absolute blood pressure
has been observed when the mean arterial
pressure (MAP) is reduced to less than 20% of
baseline Map [10]. However, it is a critical issue
to investigate and compare the side effects of
common drugs used for IH. Remifentanil and
Hydralazine are two drugs used in (IH) [10].
Remifentanil is a new synthetic opioid with
rapid onset and a short half-life, even in renal
or hepatic failure patients. These characteris-
tics make it a suitable drug for IH since no pro-
longing recovery happens when used in high
doses, and the short half-life of the drug fa-
cilitates titration of dose to effect [11]. Meta-
bolites have a weak activity that does not con-
tribute to the effects of Remifentanil. The dis-
advantages could be (a) in case of accidental
interruption of the infusion, rapid loss of anal-
gesic and anesthetic effects happen, (b) infu-
sion must be continuous, (c) lyophilized drug
must be mixed with a diluent, and (d) there is
complexity in determining the dose of another
opioid needed for pain control after surgery.
Although Remifentanil is likely to cost higher
than other opioids, the shorter half-life of
Remifentanil contributes to shorter recovery
stays and lower overall costs [12, 13].

Hydralazine with an action-onset of about 20
minutes is a direct vasodilator, acts mainly on
arterioles or resistance vessels; hence less
possibility of orthostatic hypotension is ex-
pected. Reflex tachycardia, nausea, dizziness,
palpitation, and lupus-like syndrome in pati-
ents with slow hepatic acetylation have been
reported [14, 15].

To the best of our knowledge, no study has
been carried out to compare the effect of TXA,
Remifentanil, and Hydralazine on the control-
ling of perioperative blood loss during DCR sur-
gery. Therefore, the present study aims to
compare the effect of TXA, Hydralazine, and
Remifentanil in bleeding control during DCR
surgery.

Methods and material
Study design

This study is a double-blinded randomized clini-
cal trial comparing the effect of TXA, Hydrala-
zine and Remifentanil in patients undergoing

DCR surgery, approved by the Ethics and
Research Committee of Isfahan University of
Medical Sciences (IR.MUI.MED.REC.1397.373,
Iranian Registry of Clinical Trials (IRCT) code:
IRCT20210614051574N10).

Inclusion and exclusion criteria

The inclusion criteria were age between 20 and
80 years, being a candidate for DCR surgery
due to chronic dacryocystitis, having a score
of | or Il based on the American Society of
Anesthesiologists (ASA) physical status classifi-
cation, and signing the written informed con-
sent to participate in this study. The exclusion
criteria were uncontrolled systemic disease
(ASA=IIl), history of hematologic disease coagu-
lation disorders, history of malignant hyper-
thermia, hypersensitivity to any of the drugs
TXA or Remifentanil or Hydralazine, respiratory
rate 224 in minutes, heart rate 2100 bpm,
MAP <70 mmHg, oxygen saturation <90% in
room air, refusing to continue participating in
the study and incidence of any complication
during surgery leading to ICU admission or
death.

Randomization

The enrolled patients were randomly allocated
to three equal groups, receiving TXA, Hydra-
lazine, and Remifentanil. Computer-generated
block randomization (using Stratified Layered
Blocking randomization for gender) was em-
ployed to randomize the patients in blocks of
30 with an equal proportion of male to female
ratio.

Before the surgery, the goal of the experiment
and the used drugs were explained to the
patients. However, no information was given to
the patients about the received medicine. In
addition, neither patients nor surgeon knew
about the study groups.

The other anesthesiologist who was not in-
volved in the data analysis and recording ad-
ministered the study drugs, and he was aware
of the study groups in order to prevent any
unwanted adverse effects of the drugs.

Study protocol

All surgeries were performed at the Feiz Hos-
pital by a single surgeon and anesthesiologist
with the same protocol. A detailed pre-anes-
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Table 1. Modified Aldrete scoring system

kg Hydralazine [17], and in

Variable evaluated

case the blood pressure

Activity
Able to move four extremities on command
Able to move two extremities on command
Able to move no extremities on command
Breathing
Able to breathe deeply and cough freely
Dyspnea
Apnea
Circulation

Systemic blood pressure £20% of the pre-anesthetic level
Systemic blood pressure £20% to 49% of the pre-anesthetic level 1
Systemic blood pressure £50% of the pre-anesthetic level

Consciousness
Fully awake
Arousal
Not responding
Oxygen saturation
<92% While breathing room air

Needs supplemental oxygen to maintain saturation >90%

<90% even with supplemental oxygen

Scoring
increased more than 20%
5 beyond the base the dose
was repeated. Patients in
1 the TXA group received 10
0 mg/kg TXA, with a maxi-
mum dose of 1000 mg; all
2 study drugs were presc-
1 ribed in 100 cc Dextrose
0 water 5% serum over 15
minutes via intravenous
2 infusion. In addition, the
infusion dose of Hydrala-
0 zine and Remifentanil was

increased until the blood
pressure was maintained

2 .

1 in the 20% normal range.
0 Data assessments

2 The amount of bleeding
1 was determined by mea-
0 suring the blood collected

thetic and pre-operative evaluation was carried
out and recorded in all patients.

We prohibited patients from eating from 8
hours preoperatively. All three groups received
the same general anesthesia induction meth-
od: intravenous administration of 0.03 mg Mi-
dazolam, 2 ug/kg Fentanyl, 5 mg/kg Sodium
thiopental, and 0.5 mg/kg Atracurium. The
anesthesia was maintained by Isoflurane 1.2%
Mack with oxygen and N,O in equal propor-
tions. Toprevent hypotension during anesthe-
sia, all patients received 5 cc/kg Ringer lactate
serum before induction of anesthesia. Patients
did not need any blood transfusion during or
after the surgery. To observe and prevent any
bradycardia or hypotension, we continuously
monitored the patient’s vital signs i.e., Heart
rate, respiratory rate, systolic and diastolic
blood pressure and mean arterial pressure
and, oxygen saturation from the beginning of
surgery until the end of recovery.

Interventions

Ten minutes before the starting of the opera-
tion, patients in the Remifentanil group receiv-
ed 0.1 y/kg Remifentanil [16], patients in the
Hydralazine group received a dose of 0.1 mg/

in the suction bottle at the
end of surgery and subtra-
cting the volume of saline used for irrigation
during the surgery. Maximum allowed blood
loss was calculated using this formula:

(Hct * patient - Hct target) X weight X EBV = *
Hctpatient

*Hct: Hematocrit; **EBV: Estimated blood
volume.

In case of bleeding less than MABL (maximum
allowed blood loss), the bleeding volume was
replaced with a crystalloid (either Normal Saline
or Ringer Lactate) to a triple amount; in bleed-
ings more than MABL, the bleeding volume was
replaced by half the amount with packed red
blood cell.

In the case of mean arterial pressure (MAP)
below 70 mmHg, the Trendelenburg maneuver
was first used; secondly, the intravenous injec-
tion of Sodium chloride 0.9% was administered
until a systolic blood pressure of above 70
mmHg was reached.

The end time of recovery was determined if the
patient scored 9 or greater based on the modi-
fied Aldrete scoring system (Table 1).
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Table 2. Mean values, standard deviation and range of parameters

Group Mean + Std Range P value

Age, y Ra 46.2+13.4 20-84 .074
Ha 53.9+13.5 31-81
™ 51.3+13.3 26-69

Gender R2 50%M/F - .56
He 50%M/F -
T 50%M/F -

Duration of recovery, min Re 97.0+20.8 60-120 1.00
Ha 94.3+9.2 80-120
T 69.8+£13.0 60-120

Duration of surgery, min R2 70.5+15.1 35-120 14
Ha 64.1+18.7 20-120
T 72.4+15.7 45-90

Duration of anesthesia, min Ra 85.1+15.2 50-120 .30
He 82.6+£17.6 55-120
T 89.3+18.8 60-125

Extubation time, min Re 10.1+3.1 5-15 a7
He 10.6+3.1 5-15
T 10.5£2.0 5-15

Blood loss volume, ml Re 77.6152.1 10-200 <.05¥
He 80.0+48.7 10-200
™ 146.83+91 0-450

Surgeon satisfaction R® 4.2+0.5 3-5 470
He 4.3+.4 4-5
T 4.1+.6 35

Mean SBP during surgery, mmHg R? 107.23+8.34 95.80-123.40 0.058
Ha 112.08+7.79 93.83-129.50
™ 111.94+8.06 97.50-128.67

Mean DBP during surgery, mmHg R® 71.71+10.16 61.60-104.40 0.67
He 73.6818.65 61.50-99.25
™ 72.37+8.03 58.14-85.20

Mean MAP during surgery, mmHg R® 83.55+9.26 73.93-110.73 0.35
He 86.48+7.65 76.67-105.08
™ 85.49+7.64 72.17-99.00

Mean HR during surgery, mmHg R2 77.35+6.24 67.17-91.25 0.32
Ha 80.10+8.02 69.57-95.00
™ 78.45+7.89 69.17-95.50

Mean SPO, during surgery R® 98.25+1.18 95.40-100.00 0.54
He 97.21+1.21 94.67-98.71
™ 98.59+1.36 94.57-100.00

Mean SBP during recovery, mmHg R® 1.16+13.85 93.20-134.40 0.90
He 1.16+10.80 95.20-134.20
T 1.15+13.14 91.20-136.60

Mean DBP during recovery, mmHg R2 77.15+11.23 60.0-99.80 0.27
Ha 73.29+7.94 59.80-91.60
™ 76.06+9.65 61.20-100.20

Mean MAP during recovery, mmHg R® 90.10+11.85 71.87-111.33 0.64
He 87.73+7.69 72.40-105.80
™ 89.12+10.46 71.87-112.27
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Mean HR during recovery, mmHg R®
Ha
Ta
Mean SPO, during recovery Re
Ha
T‘a

76.76+6.15 66.60-88.40 0.26
79.8817.97 67.20-95.80

78.3418.65 67.00-96.00

97.56+1.74 93.40-100.00 0.68
97.87+1.74 90.00-99.00

97.80+£2.20 91.40-100.00

a: abbreviation of group name. ¥The group blocks with different superscripts have significant difference (P value <.05). SBP:
systolic blood pressure, DBP: diastolic blood pressure, MAP: mean arterial pressure, HR: heart rate, SPO,: saturation of periph-

eral capillary oxygen by pulse oximetry.

Data collection and variables

The parameters evaluated were age, gender,
heart rate, respiratory rate, systolic, diastolic
blood pressure, mean arterial pressure (from
non-invasive blood pressure monitoring), and
oxygen saturation (from pulse oximetry) at 15-
minute intervals during surgery and until 2
hours during recovery. We also recorded the
duration of anesthesia (defined as the interval
from anesthesia induction until stopping the
anesthesia medications), duration of surgery
(defined as the interval from the first incision
until completion of suturing), extubation time
(defined as the interval from stopping the anes-
thesia medications until extubation), systolic
blood pressure (SBP), diastolic blood pressure
(DBP), MAP and SPO.,,. At the end of the surgery,
we measured the surgeon’s satisfaction using
a sequential qualitative scale (with grading:
very good, good, moderate, weak, and very
weak).

We measured the bleeding volume by deduct-
ing the saline volume used for irrigating from
the total volume of fluid collected in the suction
bottle 2 hours after surgery. Gender, age, and
the study drug group were considered indepen-
dent parameters.

Data analysis

Data were analyzed using SPSS version 20.0
(Chicago, Illinois, USA). The effects of using the
study drugs on bleeding and hemodynamic
parameters were investigated using one-way
ANOVA, followed by the Tukey’s HSD post hoc
and ttest. To understand the correlation
between all the parameters, Pearson correla-
tion was used. Quantitative variables were
stated as mean + SD (standard deviation). A
P value of less than .05 is supposed to be
significant.

Results
Study population

Ninety patients (mean age + SD: 50.48+13.4)
with chronic Dacryocystitis were randomly as-
signed to three groups receiving TXA, Re-
mifentanil, and Hydralazine. All groups had 30
patients, including 15 men and 15 women. The
mean values are shown in Table 2. Regarding
the Tukey test, all the parameters except bleed-
ing volume had no significant difference in all
three groups (P>0.05); hence, all patient groups
were operated in a similar condition Table 2.

Study variables

Mean blood loss volume in Remifentanil,
Hydralazine, and TXA group were 77.6+52.1,
80.0+48.7, and 146.83+91, respectively. Me-
an blood loss volume was lower in Remifentanil
and Hydralazine groups compared with the TXA
group; there was no significant difference (P<
0.05) between Remifentanil and Hydralazine
groups. Blood loss was significantly more in
women (119.44+82.04) than men (83.55+
60.21) using a t-Test (P<0.05). In addition,
there was no significant bleeding during the
recovery period in all study groups (P<0.05).
The monitored vital signs, considered out-
comes of our interventions, are shown in Table
2. There is no significant relation between
mean heart rate and an average MAP with
blood loss during surgery or recovery (P<0.05).

Relationships

The relationship between other demographic
parameters is investigated using the Pearson
correlation test and shown in Table 3. Although
there is a mild reduction in elder patients
according to the SPO, percentage during the
surgery and recovery (P-value =0.010 and
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Table 3. Relevance of each parameter in respective of P value. Blocks with P value less than 0.05 are filled in blue color

. Age, Bleeding t%:vri-f Duration of Extubation Duration f’f Mean Mean Mean Mean Mean I\:/;a; Mean Mean Mean Mean
variable v Gender volume, surgery, reCO\./ery, time, min AnestﬁeSIa, SBPS, SBPR, DBPS, DBPR, MAPS, , HRS, HRR, SPOZ%, SPO2%,
ml min min min mmHg mmHg mmHg mmHg mmHg mmHg bpm  bpm S R
Age, y - .592 .595 129 .528 .597 AT2 476 +.041 524 339 459 145 085 .533 -010 -.019
Gender - .024 244 .505 ATT .059 869 582 421 596 .507 569 291 794 116 .236
Bleeding volume, ml - 241 .092 872 .256 741 639 .753 173 734 285 950 .879 .315 .823

Table abbreviations: y, year. ml, milliliter. bpm, beats per minute. min, minute. SBP, Mean systolic blood pressure. DBP, Mean diastolic blood pressure during recovery. S, during surgery. R, during recovery.
MAP, mean arterial pressure. HR, heart rate. SPO, saturation of peripheral capillary oxygen by pulse oximetry. P values less than .05 are shown in blue blocks and are considered significant. Minus sign (-)
and positive sign (+) show negative and positive relations respectively.
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There was no significant differ-
ence in all vital signs within the
study groups (Figures 1-5).

hydralazine=2,
1
—i2
3 - -
Discussion

This study shows that Remifen-
tanil and Hydralazine were more
effective than TXA for intra and
postoperative blood loss reduc-
tion (mean blood loss is 77.6%
52.1, 80.0+48.7, and 146.83%*
91, respectively). In a compari-
son between Remifentanil and
Hydralazine groups.

Figure 1. Systolic blood pressure between the three study groups. 1: be-

fore the surgery, 2: 15 min during surgery, 3: 30 min during surgery, 4: 45
min during surgery, 5: 60 min during surgery, 6: 75 min during surgery,
7: at the moment of recovery entry, 8: 15 min in recovery, 9: 30 min in
recovery, 10: 45 min in recovery, 11: 60 min in recovery.

Estimated Marginal Means of MEASURE_1

Estimated Marginal Means
3

group=remifentanil=1,

trancramic acid=3

1 2 3 4 5 6 7 8 9 0 "
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Figure 2. Diastolic blood pressure between the three study groups. 1: be-
fore the surgery, 2: 15 min during surgery, 3: 30 min during surgery, 4: 45
min during surgery, 5: 60 min during surgery, 6: 75 min during surgery,
7: at the moment of recovery entry, 8: 15 min in recovery, 9: 30 min in
recovery, 10: 45 min in recovery, 11: 60 min in recovery.

0.019, respectively), mean values of this
parameter are in an acceptable range, and no
excessive drop in SPO, percentage was
observed. Mean SBP in recovery is significantly
higher in older ages but still lies in the 20% nor-
mal range of blood pressure (P<0.05). There
was no significant difference in the surgeon’s
satisfaction between the groups (P<0.05).

There was no severe bleeding needing transfu-
sion. There were no severe fluctuations in heart
rate, oxygen saturation, or systolic and diastolic
blood pressures needing drug administration.

There was no significant differ-
ence in SBP before the surgery
and mean and standard devia-
tion of SBP during the surgery
between any of the three groups.
This might be because of bleed-
ing in DCR surgery does not fre-
5L quently happen; therefore the

2 use of hypotensive agents has
not been frequent enough to
have a significant effect on the
mean values of hemodynamic
parameters. Another study on
Remifentanil also stated similar
results [18].

hydralazine=2,

Remifentanil and Hydralazine
have been used as agents for
induced hypotension for intraop-
erative bleeding control [19].
Induced hypotension can be con-
sidered a safe method provided
that patient selection and appro-
priate monitoring are carried out
[20]; however, cases of cerebral
complications have been reported [21] and
no significant difference in their efficacy was
found in our study. Compared to Hydralazine,
Remifentanil is easily titrated due to the short
duration of action; hence, excessive hypoten-
sion could be avoided [22].

In a study by Koshika and colleagues in rab-
bits, Remifentanil reduced tissue blood perfu-
sion in a dose-dependent manner [23]. Al-
though several studies have successfully used
Remifentanil for bleeding control in spinal and
orthognathic surgeries, case reports of asysto-

183 Int J Physiol Pathophysiol Pharmacol 2022;14(3):177-186



Tranexamic acid, Remifentanil, and Hydralazine and bleeding

Estimated Marginal Means of MEASURE_1
105.00 group=remifentanil=1,
hydralazine=2,
trancramic acid=3
1
=—=2
3

95.00

85.00

Estimated Marginal Means

75.00

MAP

Figure 3. MAP between the three study groups. 1: before the surgery,
2: 15 min during surgery, 3: 30 min during surgery, 4: 45 min during
surgery, 5: 60 min during surgery, 6: 75 min during surgery, 7: at the mo-
ment of recovery entry, 8: 15 min in recovery, 9: 30 min in recovery, 10:
45 min in recovery, 11: 60 min in recovery.
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Figure 4. Heart rate between the three study groups. 1: before the sur-
gery, 2: 15 min during surgery, 3: 30 min during surgery, 4: 45 min during
surgery, 5: 60 min during surgery, 6: 75 min during surgery, 7: at the mo-
ment of recovery entry, 8: 15 min in recovery, 9: 30 min in recovery, 10:
45 min in recovery, 11: 60 min in recovery.
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Figure 5. SPO, between the three study groups. 1: before the surgery,
2: 15 min during surgery, 3: 30 min during surgery, 4: 45 min during
surgery, 5: 60 min during surgery, 6: 75 min during surgery, 7: at the mo-
ment of recovery entry, 8: 15 min in recovery, 9: 30 min in recovery, 10:
45 min in recovery, 11: 60 min in recovery.

le and bradycardia after using
Remifentanil over a 90 second
bolus have been reported [24].
The mechanism is most likely
due to Vague nerve stimulation in
patients with weakened V node
response due to beta adrenergic
antagonists or calcium-channel
blockers or a vagotonic proce-
dure such as laryngoscopy. In our
study, we used a low dose of 0.1
p/kg Remifentanil infused care-
fully over 15 minutes before sur-
gery and none of the complica-
tions were developed. Regarding
a rabbit study by Koshika and
colleagues [23], showing a dose-
dependent effect of Remifentanil
in bleeding control, further stud-
ies are required to assess wheth-
er there is a dose-dependent
relation in humans. There was no
significant difference in heart
rate between the groups; hence,
heart rate as a component of car-
diac output is not related to
bleeding control.

In this study, bleeding volume
tends to increase in older ages;
however, the relation only appro-
ached significance (P=0.595).
More extensive studies are
required to investigate whether
there is a significant relation.

TXA, an anti-fibrinolytic, has been
successfully used in surgeries
with mass blood loss [25]. Low
doses of TXA have been shown to
have similar effects compared to
massive amounts [26]; hence
using low doses of TXA is safe
and effective. With the exclusion
of all patients with any medical
disease, especially those with a
high risk of developing thrombo-
sis, no thromboembolic compli-
cations were found in this study,
as stated similarly in another
study [27]; thus, low dose TXA is
possibly safe in healthy adults.
High doses of TXA enhance neu-
ronal excitation in a dose-depen-
dent manner leading to convul-
sions and non-ischemic clinical
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seizures even in patients with no previous his-
tory of seizures. Based on a study by Ji and col-
leagues [28], we used a single dose of 10 mg/
kg (maximum: 1000 mg) in 100 ml of Dextrose
water 5% over 15 minutes before surgery and
excluded all patients with a seizure history; no
clinical seizure was encountered during hospi-
tal stays. Further studies are required to assess
the long-term neurologic outcomes of TXA by
electroencephalogram tests and to determine
the safe lower limit of effective dosing.

Our age range of participants (ages 20 to 80)
might limit the generalizability of this study;
also, this study had quite broad exclusion
criteria. Future studies are needed to investi-
gate the effect of the latter drugs in other
surgeries.

Conclusion

This study shows that Remifentanil and
Hydralazine are more effective than TXA in
bleeding control during DCR surgery. There is
no significant difference between Remifen-
tanil and Hydralazine.
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