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Purpose: To evaluate the influences and risk factors for severe bleeding complications during glaucoma surgery, and to investigate the
role of antiplatelet (AP) and anticoagulant (AC) agents.
Methods: This prospective study enrolled patients undergoing trabeculectomy, trabeculotomy (with Trabectome® or Kahook Dual
Blade®), viscocanaloplasty and Ahmed or Baerveldt implants. Bleeding severity was graded on an ordinal scale ranging from 0 to 5.
Immediately after surgery and one day later, the incidence and severity of bleeding events was documented on a standardized form. A grade
≥3 was defined as severe bleeding. The influence of known systemic disorders, the type of anesthesia, surgical procedure, intraoperative
blood pressure, and the use of or change in AP or AC agents on intraoperative bleeding were analyzed.
Results: Data from 89 eyes undergoing glaucoma procedures were included (age 71.3y ± 10.5). We observed severe intraoperative
bleeding in 8 eyes (9%) and found that concomitant diseases such as the history of a deep vein thrombosis or peripheral arterial
occlusive disease, and the type of surgical procedure (trabeculectomy and viscocanaloplasty) were significantly associated with severe
bleeding events. By contrast, the use of AP/ AC agents had no significant influence on severe intraoperative bleeding events.
Conclusion: According to the results of our study cohort, glaucoma procedures entailing scleral manipulations (trabeculectomy and
viscocanaloplasty) and concomitant diseases such as the history of a deep vein thrombosis or peripheral arterial occlusive disease
influence the risk of severe intraoperative bleeding events, we detected no increased risk related to concomitant antiplatelet and/ or
anticoagulant medication use.
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Introduction
Intraoperative bleeding can negatively influence the ophthalmic surgical result. This is particularly true for glaucoma
surgery, where bleeding can lead to procedural failure or irreversible optic-nerve damage caused by postoperatively
elevated/excessive intraocular pressure.1 Patients requiring glaucoma surgery are often taking various systemic
medications including antiplatelet (AP) and anticoagulant (AC) agents, and the percentage of patients taking these
has been rising for years.2 The question glaucoma surgeons face is whether these medications should be discon-
tinued for surgery to possibly reduce the risk of bleeding, or whether a potentially higher risk of thromboembolic
events is acceptable.3–5 Despite its being an everyday topic for glaucoma surgeons, there is, as well as for retinal
surgeons,6,7 still no standardized guideline on how to proceed with the various AP and AC agents prior to different
glaucoma procedures.8 Efforts have been made to assess the effect of platelet inhibitors or anticoagulants on
bleeding frequency and severity during different ophthalmic procedures. In retinal surgery, there is growing evidence
that the use of anticoagulant medications is unlikely to have a significant impact on the incidence of severe bleeding
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complications.9–11 A prospective study of 374 retinal patients performed concurrently with this study also came to
this conclusion.7 However, in glaucoma surgery, uncertainty prevails regarding the extent to which anticoagulant
medications raise the intraoperative bleeding risk. Studies demonstrating an increased risk of bleeding in patients
using vitamin k antagonists appeared over a decade ago.12,13 More recent reviews recommend taking an individua-
lized approach to each patient’s preoperative management,14 but there still seems to be too little known about the
influence of direct oral anticoagulants (DOACs).1,15,16 The purpose of this prospective study was thus to identify
risk factors for intraoperative severe bleeding events, and to evaluate the influence of AP and AC agents on their
incidence and severity in glaucoma surgical procedures. Another aim was to validate a consensus scale of bleeding
complications serving as a possible guide for upcoming glaucoma studies.

Methods
Study Population and Procedure
This single-center prospective trial enrolled patients undergoing glaucoma surgery. Informed consent was obtained
from all patients participating in the study. The study protocol was implemented in accordance with the Helsinki
Declaration after approval by our local ethics committee (application number 16/6/18, Institutional Ethics Board,
University Medical Center Goettingen, Germany). In addition to the data presented here on glaucoma patients, we
had collected retinal-surgery data for a similar study on patients undergoing vitreoretinal procedures. Those data
have been published.7 Inclusion criteria were age ≥ 18 years, written informed consent and a planned surgical
procedure for glaucoma, which was either filtration surgery (trabeculectomy with mitomycin C; Ahmed® - or
Baerveldt® glaucoma drainage device implantation), non-penetrating glaucoma surgery (viscocanaloplasty) or
microincisional glaucoma surgery (goniotomy with Trabectome® or Kahook Dual Blade®). Exclusion criteria
were age < 18 years, inability to give consent and neovascularization glaucoma. Interventions were carried out by
two different surgeons (CvO, DB).

Study Procedure
On the day of hospital admission, patients were asked about their medications affecting coagulation, and about any
concomitant cardiovascular diseases. In addition, patients completed a standardized questionnaire on known intraopera-
tive bleeding events in the past evaluated in conjunction with different surgical interventions. According to the 12
answers given in the questionnaire, a score was calculated.17

We developed a classification system for a standardized assessment of the severity of bleeding events, which were
graded on an ordinal scale ranging from 0 to 5 with 0 indicating no bleeding event and 5 indicating severe bleeding
necessitating cessation of the surgical procedure (Table 1).

Table 1 Bleeding Severity Grades; Scale Level 3 or Higher is Defined as Severe Bleeding (Gray)

Bleeding
Severity

Definition

0 No bleeding

1 Bleeding stopped spontaneously

2 Bleeding that interferes with the course of surgery but stops spontaneously or without the use of diathermy (including
application of epinephrine, temporary increase in infusion pressure).

3 Diathermy necessary to stop bleeding

4 Bleeding that, despite diathermy, interferes with the operation to such an extent that it cannot be continued

5 Uncontrollable bleeding, surgical procedure must be aborted, including choroidal bleeding
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Immediately after surgery and again the day thereafter, the bleeding incidence was documented in a standardized form
and the bleeding severity graded. Severe bleeding was classified by a bleeding grade of 3 or higher (Table 1). We
analyzed the influence of several factors on the incidence of severe bleeding: the type of intervention, anesthetic
procedure, first or repeated intervention, surgery duration, presence of diabetes mellitus, blood pressure at specific
time points during the surgical procedure (start/end/min/max/postop) and influence of AP and/or AC agents (including
supplementals known for influences on hemostasis: gingko biloba and garlic extract). The use of AP and/or AC agents
was documented for all patients, but their treatment was not modified perioperatively. Depending on the instruction of the
referring general practitioner or ophthalmologist, patients discontinued, adjusted, or continued their medication
unchanged prior to surgery. The International Normalized Ratio (INR) was not routinely measured in patients taking
the vitamin K antagonists (VKA) phenprocoumon or warfarin. In patients anticoagulated with VKA who suffered
intraoperative bleeding complications, we measured the INR value immediately after surgery.

Surgical Procedures
Trabeculectomy with Mitomycin C
Corneal traction suture. Fornix-based peritomy supero-nasal or -temporal. Placement of a mitomycin-C 0.2 mg/mL-
soaked sponge for three minutes followed by 20 mL BSS rinse. Three-millimeter-wide scleral flap after careful diathermy
to close episcleral vessels in the area of flap preparation. Trabeculectomy with 15° blade, iridectomy with vannas
scissors. Placement of 10–0 nylon sutures at the scleral flap until the desired amount of filtration was reached. Re-
adaptation of tenon’s capsule and conjunctiva at the limbus with 7–0 or 8–0 polyglactin and placement of a limbal
conjunctival running suture 10–0 nylon or polyglactin.

Glaucoma Drainage Device Implantation
Corneal traction suture. Fornix-based peritomy over 2–3 clock hours in the temporal, nasal superior or nasal inferior
quadrant enlarged by radial incisions at both ends. Priming or ligation of tube, depending on the type of implant (Ahmed
FP7 (New World Medical, Rancho Cucamonga, CA, USA) or Baerveldt 350 (Johnson & Johnson Surgical Vision, Inc.
2019)). Scleral fixation of the endplate with 8–0 polypropylene sutures at 8–10 mm limbus distance. Transscleral anterior
chamber entry with a 22-gauge needle. Scleral fixation of the tube after insertion using two 10–0 nylon sutures. Coverage
of the tube with bovine pericardium (Tutopatch, Tutogen Medical GmbH) scleral fixated with 8–0 polyglactin sutures.
Re-adaptation of tenon’s capsule and conjunctiva at the limbus with 7–0 polyglactin plus 8–0 polyglactin for the radial
conjunctival incisions.

Viscocanaloplasty
Corneal traction suture. Fornix-based peritomy in a superior quadrant. Preparation of 2 scleral flaps without prior
diathermy. Catheterization of Schlemm’s canal with a canaloplasty catheter (RUCK Ophthalmologische Systeme
GmbH, Germany). Attachment of a 10–0 polypropylene suture at the tip and catheter retraction while injecting
10mg/mL hyaluronic acid gel (Healon, Johnson & Johnson Surgical Vision, Inc. 2019) at every 2nd clock hour.
Removal of the deep scleral flap and closure of the superficial flap and conjunctiva with 8–0 polyglactin sutures.

Goniotomy with Kahook Dual Blade
Two temporal 1mm clear cornea incisions, one for an anterior chamber maintainer, the other for the blade. Local
anesthesia with 1% intracameral lidocaine. Opening of Schlemm’s canal over 1 to 2 clock hours in each direction.
Peeling of detached trabecular meshwork strips with 25G forceps. Pilocarpine 2% after surgery and three times daily
from postoperative day 1 on.

Goniotomy with the Trabectome
1.8 mm clear cornea incision. Local anesthesia with 1% intracameral lidocaine. No use of viscoelastic substances.
Opening of Schlemm’s canal over 1 to 2 clock hours into each direction. Trabectome energy set to 0.9 volts. Pilocarpine
2% after surgery and three times daily from postoperative day 1 on.
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Statistics
Statistical analysis was performed using SAS Visual Statistics (SAS Institute Inc., Cary, USA) and Prism 6 (6.07,
Graph Pad, La Jolla, USA). The t-test was used to determine statistical differences in the mean values of groups. We
also applied the Chi-Square test and the exact Fisher test. Data are presented as mean ± standard error of the mean.
P-values < 0.05 were regarded statistically significant. Due to very few severe bleeding events, multivariate analysis
was not feasible.

Results
Study Population and Baseline Characteristics
Between February 2019 and December 2020, 89 consecutive patients undergoing glaucoma surgery were included in this study.
Goniotomy was performed in 44 patients (49.4%), 38 of whose were done with the Trabectome and 6 with the Kahook Dual
Blade. Trabeculectomy was performed in 30 patients (33.7%), viscocanaloplasty in 9 (10.1%) and glaucoma drainage device
implantation (Ahmed or Baerveldt) in 6 patients (6.7%).

Baseline patient characteristics are outlined in Table 2, the type of procedures and number of severe bleeding events are
outlined in Table 3.

Table 2 Baseline Characteristics

Baseline Characteristics

Sex Male 40 (44.9%)

Female 49 (55.1%)

Age in years (mean ± SD; (Min./ Max.)) 71.3 ± 10.5; (38/ 91)
Study eye side Right 45 (50.6%)

Left 44 (49.4%)

Cardiovascular diseases
N = 69 (77.5%)

Arterial hypertension 59 (66.29%)
Diabetes mellitus 12 (13.48%)

Deep vein thrombosis 10(11.24%)

Type of anesthesia Intubation anesthesia 62 (69.7%)
Local anesthesia (eyedrops) 26 (29.2%)

Parabulbar block 1 (1.1%)

Type of surgery First-time surgery 60 (67.4%)
Revision surgery 29 (32.6%)

Intraoperative blood pressure in mmHg
Syst mean ± SD/ diast mean ± SD

Start 152.3 ± 24.4/ 71.7 ± 13.2

End 112.9 ± 20.4/ 60.4 ± 13.8
Min 101.8 ± 27.1/ 54.4 ± 15.6

Max 151.5 ± 28.0/ 71.7 ± 13.8

Postop 143.0 ± 20.3/ 71.2 ± 10.2

Abbreviation: SD, standard deviation.

Table 3 Type of Procedures and Number of Severe Bleeding Events, Respectively

Type of Procedure Severe Bleeding Event Total (Rate of Severe Bleeding)

Yes No

Goniotomy with the Trabectome® 2 36 38 (5.3%)
Trabeculotomy with Kahook Dual Blade® 0 6 6 (0%)

Trabeculectomy 4 26 30 (13.3%)

Viscocanaloplasty 2 7 9 (22.2%)
Ahmed/ Baerveldt glaucoma implant 0 6 6 (0%)

Total 8 81 89 (9%)
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Severe Intraoperative Bleeding Events
Of the 89 glaucoma procedures carried out, we registered 8 (9.0%) procedures involving severe intraoperative
bleeding events. The severe bleeding events had different origins, with multiple origins possible per procedure. An
overview of the total numbers for all bleeding origins is provided in Table 4. Origins for severe bleedings were the
conjunctiva (n = 1, grade 3), trabecular meshwork/ iris (n = 2, grade 3), sclera/ ciliary body (n = 5, grade 3; n = 1,
grade 4) and choroid (n = 1, grade 5). One patient suffered a vision-threatening hemorrhage, necessitating a second
surgical procedure.

Analysis of Influences and Risk Factors for Severe Intraoperative Bleeding Events in
Glaucoma Surgery
Correlation to Age, Surgery Duration, Intraoperative Blood Pressure, Type of Anesthesia and First-Time or
Revision Surgery
Patients suffering severe intraoperative bleeding were the same age as those without bleeding events (mean ± SD in
years: 73.1 ± 7.5 vs 71.1 ± 10.8; P = 0.61). Most patients suffering intraoperative bleeding were male (7 vs 1, P = 0.01).
The duration of surgery revealed a significant difference between patients with severe bleeding and those without, with
longer durations in the severe-bleeding group (mean ± SD in min.: 49.6 ± 23.9 vs 33.7 ± 19.2, P = 0.044). However, there
was no statistically significant difference in the procedure’s duration between first-time and revision surgery (P = 0.47).
Additionally, we detected no significant correlation between severe intraoperative bleeding events and blood pressure
measured at different time points, or with the type of anesthesia (P > 0.05).

Influence of Concomitant Cardiovascular Diseases
Patients suffering severe bleeding events (N = 8) frequently presented the following comorbidities: arterial
hypertension (N = 4; 50%), deep vein thrombosis (N = 3, 37.5%), peripheral artery occlusive disease (N = 2;
25%) and a history of coronary stent implantation (N = 2; 25%). While the proportion of arterial hypertension in the
group of severe bleeding events (50%) corresponded well with its frequency in the general population (66.3%), deep
vein thrombosis, peripheral artery occlusive disease and history of coronary stent implantation were clearly over-
represented in the bleeding-event group (37.5% vs 11.2%; 25% vs 4.5% and 25.0% vs 9%). In Fisher’s exact test,
we identified a significant correlation between deep vein thrombosis or peripheral artery occlusive disease and
severe bleeding events (P = 0.04 and P = 0.04). There was no significant correlation between severe bleeding and
a history of coronary stent implantation (P = 0.15).

Type of Procedure
Of the five different procedure categories, the most severe intraoperative bleeding events were seen in trabeculectomies
(N = 4; 50%). Severe bleeding occurred in 2 patients in both the goniotomy and viscocanaloplasty groups (25% each).
Considering the total number of different surgical procedures performed, trabeculectomies and viscocanaloplasties
showed the highest rate of severe bleeding complications (13.3% and 22.2%). Compared with the study population,
bleeding occurred with disproportionate frequency in trabeculectomy (50% of the severe bleedings registered compared

Table 4 Total Number of Bleeding Origins and Bleeding Severity

Bleeding Grading Bleeding Origin Total

Conjunctiva Trabecular Meshwork/ Iris Sclera/ Ciliary Body Choroid

1 44 30 24 1 99
2 6 11 4 0 21
3 1 2 5 0 8
4 0 0 1 0 1
5 0 0 0 1 1
Total 51 43 34 2 130
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to only 33.71% of the surgical procedures in total) and viscocanaloplasty procedures (25% of the severe bleedings
compared to only 10.11% surgical procedures in total). For a detailed overview of these numbers, refer to Table 3.

Correlation Between the Questionnaire Score and Incidence of Major Bleeding Complications
We identified no significant correlation between the questionnaire score and likelihood of a severe bleeding event (P = 0.39).
Nor did we observe any association between the incidence of bleeding complications and any of the 12 different criteria
mentioned in the questionnaire.17

AP and AC Agents
At the time of the surgery, 32 (36%) patients were taking an AP (N = 23; 71.8%) or AC (N = 8; 25%) agent or supplementals
having a potential effect on hemostasis (N = 5, 15.6%) among their medications (combination of AP and AC possible). Of these
patients, 13 (40.6%) continuedwith their medication unchanged. In 21 (65.6%) patients, AP orAC agents were discontinued, and
2 (6.3%) patients underwent bridging with heparin. Detailed information on changes in medication with AP or AC agents is
shown in Table 4. Changes in the use of AP or AC agents were either recommended by the referring ophthalmologist or family
doctor. Of the 32 patients taking AP or AC agents among their medications, 5 (15.6%) patients experienced a severe bleeding
event during surgery. Of these 5 bleeding events, 4 occurred under AP agents and 2 under AC agents (combination of AP andAC
agents possible). 3 (5.3%) severe bleeding events occurred in the group of patients taking no AP or AC agents. The use of AP or
AC agents showed no significant association with the risk of severe bleeding complications (P = 0.13) (Tables 5 and 6). None of
the AC-taking patients who suffered bleeding complications had an INR> 2.5.

Table 5 Severe Bleeding Events and Change in Medication (Numbers), Total Numbers are Higher Than the Number of Severe
Bleeding Events as a Combination of Different Agents Was Possible

Severe Bleeding
Event

Agent Change in Medication Total

None Bridging Discontinued

Yes AP: ASA/Clopidogrel/Ticagrelor 3/ 1/ 0 0/ 0/ 0 1/ 1/ 0 6
AC: Phenprocoumon/Apixaban/Rivaroxaban/ Edoxaban/ Dabigatran 0/ 0/ 0/

0/ 0

0/ 0/ 0/ 0/

0

0/ 0/ 1/ 0/ 0 1

Other: garlic/gingko 0/ 0 0/ 0 0/ 0 0

Number of AP and/ or AC agents taken in procedures with
severe bleeding events

4 0 3 7

No AP: ASA/Clopidogrel/Ticagrelor 7/ 0/ 1 0/ 1/ 0 6/ 2/ 0 17
AC: Phenprocoumon/Apixaban/Rivaroxaban/ Edoxaban/ Dabigatran 0/ 0/ 0/

0/ 0

1/ 0/ 0/ 0/

0

1/ 1/ 1/ 1/ 2 7

Other: garlic/gingko extract 0/ 1 0/ 0 1/ 3 5

Number of AP and/ or AC agents taken in procedures without
severe bleeding events

9 2 18 29

Total 36

Abbreviation: ASA, acetylsalicylic acid.

Table 6 Severe Bleeding Events with and without AP and AC Agents, Difference Not Significant (P = 0.13)

Severe Bleeding Event AP and AC Agents Total Fisher’s Exact Test

Yes No P-value

Yes 5 (15.6%) 3 (5.3%) 8 (9%) 0.13
No 27 (84.4%) 54 (94.7%) 81 (91%)

Total 32 (36.0%) 57 (64.2%) 89 (100%)
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Discussion
In this prospective study, we analyzed data from 89 patients undergoing glaucoma surgery to identify influences and risk
factors for severe intraoperative bleeding complications, and to investigate the role of antiplatelet (AP) and antic-
oagulative (AC) agents. A severe intraoperative bleeding event was observed in 8 patients (9%). The concomitant
diseases deep vein thrombosis and peripheral artery occlusive disease, as well as the glaucoma procedures viscocana-
loplasty and trabeculectomy, were found to be significantly associated with severe bleeding events. However, the use of
AP and/or AC agents, as well as the intraoperative blood pressure showed no significant influence.

Strengths and Limitations of the Presented Study
With a mean age of 71.3 years and a balanced proportion of female and male patients and right and left study eyes, our
patient population is a representative cohort for the glaucoma interventions we investigated.18 In direct comparison with
our parallel study in retinal patients,7 the number of patients included in this study is significantly lower (89 vs 374
patients). However, this study’s prospective and monocentric nature allowed for well-controlled inclusion and assessment
of our patients. Given the 9% incidence of severe bleeding complications we witnessed, the size of our study cohort
suffices for global analyses, but not for detailed subgroup analyses.

Preoperative Bleeding Questionnaire
There is anesthesiological evidence that a standardized documentation of bleeding history is superior to the preoperative
screening of standard coagulation parameters in predicting a patient’s intraoperative bleeding risk.17,19 Therefore, one aim of
this study was to investigate the questionnaire’s applicability in glaucoma surgery. Remarkably, respective questionnaire
scores showed no significant correlation with major bleeding events. These results are in line with the findings of our parallel
study of vitreoretinal procedures.7 However, it must be kept in mind here that the questionnaire mainly targets congenital
coagulation disorders, all of which are very rare overall and thus probably did not occur in this small cohort.

Bleeding Severity Grading
To date, there is no established grading system for intraoperative bleeding events in glaucoma surgery. In comparable studies,
bleeding has only been subdivided according to its respective origin.8,12,13,15 To differentiate the extent of bleeding and
distinguish relevant from less relevant bleeding events, we introduced a 5-level grading system (Table 1). The surgeon graded
the bleeding immediately after the intervention. This intervention-centered grading-system perspective means that it does not
consider the surgical outcome, such as IOP reduction, or the occurrence of postoperative complications, such as post-
operative hyphema, intraocular pressure elevation, or fibrosis in filtration surgery. However, we believe that asking the
surgeon about the extent to which bleeding affected the procedure is the necessary first step. Once the reliablity of this
grading system has been proven, we may add additional factors. Despite a relatively precise definition, grading remains
subjective. However, our monocentric design with only two surgeons should have enabled a fair amount of consistency.

The number of relevant bleeding events in this study was quite low because we carried out our standardized bleeding
grading for each bleeding incident, reducing the number of registered hemorrhages drastically, as each patient showed
signs of intraoperative bleeding in various degrees. Nevertheless, our numbers are in line with other studies. Law et al
registered a bleeding rate of 6.9% in an evaluation of 694 glaucoma surgeries.13 However, as mentioned above, they did
not grade the bleeding, and only defined the bleeding sources, moreover, as their evaluation was retrospective, severe
bleeding events may have been overlooked.

Risk Factors for Severe Bleeding Events
Overall, as we observed only 8 major bleeding events in the 89 surgeries performed (9%), the rate of severe bleeding was
as expected but the number of severe bleeding incidents was low in this study. However, this figure compares well with
the study by Law et al, who reported a rate of 6.9%.13

Considering the risk factors analyzed for severe bleeding events, we found – like before in vitreoretinal surgery – that
the intraoperative blood pressure exerted no significant influence. However, in terms of the surgery’s duration, those
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involving severe bleeding lasted significantly longer. This is attributable to the disproportionately high number of longer-
lasting surgical procedures (trabeculectomy, viscocanaloplasty) in the severe bleeding group.

Considering underlying diseases, deep vein thrombosis, history of coronary stent implantation and peripheral artery
occlusive diseases were overrepresented in patients suffering severe bleeding. Nevertheless, the significance of these
figures remains limited due to the low number of severe bleeding events.

Considering the type of the surgical procedure, trabeculectomies and viscocanaloplasties showed the highest rates for
severe intraoperative bleeding events. In contrast to our study with vitreoretinal procedures, peribulbar anaesthesia was
rare (1.1%) and therefore did not show any influence on the risk of severe bleeding events.

Influence of AP/ AC Agents
There is controversy in the literature as to whether AP and AC agents should be discontinued before eye surgery.2,20–22 In
vitreoretinal surgery there is a rising number of studies showing that the perioperative intake of such medications is not
associated with an increased risk of intraoperative bleeding.10,20–25 Nevertheless, specialists in glaucoma surgery are
more reluctant to make such statements. Rather, there seems to be consensus that the each patient’s bleeding risk should
be individually assessed.15 In a retrospective evaluation of 367 trabeculectomies, Cobb et al noted that taking ASA100
raised the risk of hyphema, but had no impact on surgical success. However, taking warfarin resulted in significantly
worse outcomes.12 Regarding ASA100 our results are comparable, as we likewise observed no significantly increased
risk for severe bleeding. The statement by Cobb et al regarding warfarin needs to be viewed critically, as only 5 patients
in their cohort were taking warfarin. Only 2 of our study patients were taking a vitamin k antagonist, thus enabling no
comparison. Law et al retrospectively compared glaucoma interventions in 347 patients taking AP and/ or AC agents
with 347 controls.13 Risk for bleeding complications was higher in the study group (10.1% vs 3.7%) with the overall
highest risk for patients on AC medication (22.9%). Their overall recorded risk of bleeding resembled our study’s (6.9%
vs 9%). However, the 22.9% risk increase in their patients taking AC agents could have been partly caused by the study`s
population, which revealed significant differences between groups regarding underlying diseases, such as arterial
hypertension, cardiac arrhythmia and coronary artery disease. Furthermore, as they did not grade the registered bleeding
events, the effect of each bleeding event is unclear. There is a limitation associated with our study’s observational design,
that is, patients were included who continued to take their AP and/or AC agents as usual, as were those who discontinued
them or bridged AC agents by using heparin. This heterogeneity made analysis challenging, but it reflects the real-world
clinical situation (at least in Germany).

Perspectives
Our aim was to establish a uniform grading system for intraoperative bleeding events and then to apply this grading
system to evaluate the influence of various factors such as AP and/ or AC agents only on clinically relevant, severe
(grade 3 or higher) bleeding events. As in our parallel study of retinal patients, this grading revealed rather few patients
suffering a severe intraoperative hemorrhage. Our ability to statistically claim an increased risk for a severe bleeding
event due to AP and/ or AC agents is thus limited. However, to strengthen the evidence of this study’s results,
a prospective, randomized, blinded (ideally a multicenter) study would be desirable involving a larger study population
to account for the few severe bleeding events, and with a blinded bleeding severity grading setup. In such a trial, the
individual effect of AP/AC medication and especially novel oral anticoagulative agents and laboratory parameters such
as INR or aPTT could be analyzed, as Dayani and coworkers did, as they demonstrated a higher risk of bleeding in
patients with higher INR values.20 In addition, it could then be investigated whether increased conjunctival hyperemia
due to the use of pressure-lowering eye drops influences the risk of severe intraoperative bleeding events.

Conclusion
According to the results of our study cohort, this study identified deep vein thrombosis, peripheral artery occlusive
disease, and the glaucoma procedures viscocanaloplasty and trabeculectomy as risk factors for severe bleeding events
during glaucoma surgery. The documentation of the intraoperative bleeding history before surgery does not seem to
provide sufficient information to discover which patient carries a particularly high risk of severe intraoperative bleeding.
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Like our parallel study in vitreoretinal surgery, the present investigation also failed to detect a significant effect of AP or
AC agents on intraoperative bleeding. However, since the number of registered severe hemorrhages was relatively low
and severe bleeding - due to the lack of compression options in glaucoma surgery - may have a direct impact on the
surgical outcome, we are reluctant to make a recommendation regarding the perioperative management of anticoagulants.
A prospective, randomized, blinded study should be conducted to answer this highly relevant question.
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