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ABSTRACT

Background: Anesthesia Ready Time (ART) is the time required by an anesthesiologist, calculated from the time the
monitor is placed on the patient until the patient is declared by the anesthesiologist to be ready for the surgery. ART
varies based on the patient's ASA classification, equipment availability, preoperative invasive procedures, drug
preparation, and waiting for the surgical team. The aim of this study was to determine the ART of patients undergoing
emergency surgery and identify the affecting factors at a tertiary hospital in Indonesia.

Methodology: Samples were collected from patients consulted for emergency surgery at the 24-hour Central
Operating Room of a tertiary hospital in Indonesia from August 2023 until February 2024, that included 116 patients.
We used consecutive sampling and non-probability data collection methods.

Results: Overall, in 91.4% of cases, ART complied with the standards, with an average of 14.22 min. All regional spinal
procedures met the standard, while general anesthesia procedures achieved the standard by 98.46%. The lowest
ART rate was for regional epidural procedures, at 30.76%. Based on ASA status, only samples with ASA status 3
achieved a 100% compliance rate. While samples with ASA status 1 achieved 88%, and ASA status 2 achieved 89.7%.
Several causes influenced prolonged ART in 8.6% of cases. Difficulty with the anesthesia procedure was the most
common (60%), followed by waiting for the surgical team (30%), and monitor malfunction at 10%.

Conclusion: Anesthesia ready time in our tertiary hospital in Indonesia is satisfactory. Factors found to influence
prolonged anesthesia ready time were mostly correctable ones.
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1. INTR O D U CTI O N where surgery must be performed within 1 hour. Patients

who have to undergo emergency surgery have a 10-fold

Anesthesia services for emergency surgery aim to  higher risk of experiencing complications b"ﬂ}
provide adequate anesthesia to patients who require ~ Preoperatively, intraoperatively or postoperatively.
immediate surgery. Emergency surgery defined as a case Anesthesia Ready Time (ART) is the time required by an
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anesthesiologist calculated from the time the monitor is
placed on the patient until the patient is declared ready
by the anesthesiologist for surgery.>3 In several hospitals
in developed countries in the world, ART time in large
hospitals and teaching hospitals with ART time> 30 min
ranged from 7%, while the international limit time is less
than 45 min.>* ART has different benchmarks based on
the ASA classification of the patient and procedures
performed on the patient. Patients with ASA I-II have an
ART of about 15 min, ASA III and IV have an ART of
about 30 min and 15 min for SAB, 20 min for epidural
procedures and an additional 15 min if invasive
procedures are performed. The benchmark was set by a
similar study in Pakistan. American Society of
Anesthesiologists (ASA) Physical Status Classification
is a system for anesthetists to assess and communicate a
patient’s pre-anesthesia medical co-morbidities, and it
can be helpful to predict perioperative risks. ASA
recognized patients into 6 categories: ASA I (a normal
healthy patient), ASA II (a patient with mild systemic
discase), ASA III (a patient with severe systemic
disease), ASA 1V (a patient with severe systemic disease
that is a constant threat to life), ASA V (a moribund
patient who is not expected to survive without surgery),
and ASA VI (a declared brain-dead patient).>* Many
factors can affect ART such as problems with monitoring
devices, ECGQG, tension, saturation, installation of
invasive anesthesia procedures, preparation of DC
shock, preparation of anesthetic drugs, patient
positioning, listening to fetal heart rate in obstetric cases,
waiting for surgical team according to their fields, and
preparation of surgical instruments. The many factors
can be grouped into 4 simple categories to facilitate the
identification of factors that affect ART, these factors are:
man, machine, method and environment.*?

Objective of study

The identification of factors affecting ART in a tertiary
hospital in Indonesia is the beginning step to improve the
effectiveness and productivity of the operating room so
as to obtain sufficient quality of anesthesia and
appropriate surgical management of patients in order to
reduce patient morbidity and mortality both
preoperatively, intraoperatively or postoperatively.

2. METHODOLOGY

The subjects of this study were all patients who
underwent emergency surgery in the 24-hour operating
room of the tertiary hospital in Indonesia filled by
anesthesia resident doctors on duty from August 2023 to
February 2024 who fulfilled the inclusion and exclusion
criteria and were willing to participate in the study after
being given an explanation and signing an informed
consent form. The inclusion criteria were all patients
who were consented to undergo emergency surgery in
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the 24-hour operating room of the tertiary hospital.
Exclusion criteria were patients with ASA 5, patients
who have been intubated before induction, patients who
underwent surgery with local anesthesia, and patients
whose surgery were canceled. All samples that have met
the inclusion and exclusion criteria will be included as
research subjects. Data were collected prospectively
from August 2023 to February 2024 until the minimum
total number of samples was met.

After obtaining approval from the Research Ethics
Committee at the authors’ institution, the researchers
determined the sample according to the list on the
surgery schedule in the 24-hour operating room. Subject
data was kept confidential to the researcher and all
subjects were priorly given an informed consent form to
be included in the study. Determination of subjects who
became research subjects by consecutive sampling
method, which is a a sampling technique in which every
subject meeting the criteria of inclusion is selected until
the required sample size is achieved. Recording starts
from the beginning of the patient being admitted to the
operating room by observing whether intravenous
access, which is a fluid line to the peripheral vein, is
available or not. If intravenous access was not available,
the start and end time of intravenous access was
recorded. The subjects then underwent preoperative
anesthesia service procedures, ART time was recorded
starting from the time the patient was placed on a
monitor in the operating room, the time when the
anesthetic action used began and the time when the
patient was declared finished with anesthesia induction
and then preparation for surgery could be carried out. If
there was a delay in the timing of the anesthesia action
performed, the factors causing the delay were recorded.
Preparation of anesthesia drugs and equipment was done
before time recording as a minimum standard for all
patients undergoing anesthesia.

3. RESULTS

The study analyzed anesthesia services from 116
emergency surgeries at a tertiary hospital in Indonesia.
This study was a prospective study that started from
August 2023 to February 2024 after the entire minimum
sample size was met, in accordance with the inclusion
and exclusion criteria. There were no study samples that
were excluded.

Table 1 provides a comprehensive overview of the
characteristics of the study subjects. This data provides
useful insight into the distribution of relevant variables
in the study population. Of the 116 study subjects, the
distribution of male and female subjects was comparable
at 58 (50%) each. The mean age of the patients was 36.76
y (SD £ 19.04 with the highest percentage in the 20-39 y
age group (44.0%), followed by the 40-59 y age group
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(29.3%). From the characteristics of ASA physical
status, most of the patients were ASA II (58.6%),
followed by ASA T (21.6%) and ASA III (19.8%). There
were no study subjects with ASA IV or ASA V
classification. The most common type of anesthesia was
general anesthesia (56.0%), followed by regional-spinal
anesthesia (SAB) (32.8%) and regional-epidural
(11.2%). Obstetrics & Gynecology procedures
accounted for the most emergency surgeries (29.3%),
followed by Gastrointestinal Surgery (15.5%) and
Urology (12.9%) which were almost equal.

Table 1: Overview of the characteristics of the
study subjects

Anesthesia ready time for emergency surgery

while 8.6% of cases did not meet benchmarks from
previous studies, with factors noted in the questionnaire
(Table 2).

Table 2: ART component and compliance

Anesthesia Ready Time (ART) Mean * SD

Monitor insertion (min) 3.39+£0.92
Induction duration (min) 10.83 £ 1.69
Invasive procedure duration (min) 13.17 £ 3.1
Anesthesia Ready Time (ART) (min) 14.22 £ 1.83
Compliance of ART: N (%)
Compliant with the benchmark 106 (91.4)
Not compliant with the benchmark, 10 (8.6)

Variables N (%) with factors (noted in the
Male 58 (50) questionnaire)
Gender = | 58 (50)
emale
The average ART time differed by anesthesia procedure
0-9 yr 11(9.5) (Table 3). The lowest mean ART time was recorded in
10-19 yr 8 (6.9) the SAB regional anesthesia type at 13.65 min (SD =+
ége (Mean 20-39 yr 51 (44.0) 0.91) followed by the general anesthesia procedure with
D) 4 (2 amean time of 13.77 min (SD =+ 1.52). Epidural regional
0-59 yr 34 (29.3) anesthesia type had the highest ART time with a mean of
260 yr 12 (10.3) 20.77 min (SD + 1.48).
ASAI 25 (21.6) Furthermore, each type of anesthesia was analyzed in
ASA I 68 (58.6) more detail based on ASA (American Society of
ASA Status ASA I 23 (19.8) Anesthesiologist.s) status. Only in the general anesthesia
ASA IV 000 type group, patients had three ASA statuses, 1 to 3.
(0.0) Whereas in the type of regional anesthesia SAB there
ASAV 0(0.0) were no patients with ASA 1 status and in Regional
General Anesthesia 65 (56.0) Epidural there were no patients with ASA 3 (Table 3).
Type of - -
Anesthesia Regional - Epidural 13(11.2) Table 3: ART differences from the average by
Regional - SAB 38 (32.8) anesthesia type
Pediatric Surgery 9(7.8) Anesthesia Type ASA Mean % SD (min)
GIT Surgery 18 (15.5) S
Anesthesia ) 13.81 + 1.33
Neurosurgery 8 (6.9) (13.77 + 1.52) il
3 14.25 £ 2.04
Type of Surgery Vascular Surgery 8 (6.9) > "
Obstetrics & 34 (29.3)
Gynecology Regional SAB e 1 NA
Orthopedic Surgery 9 (7.8) (13.65 £ 0.91) .2 13.65 + 0.95
ENT/HN Surgery 8 (6.9) «3 13.71 £ 0.75
Urologic Surgery 15 (12.9) e 4 NA
Regional Epidural  « 1 21.00 £ 0.00
Results showed that the mean monitor insertion time was (20.77 + 1.48) .9 20.70  1.70
3.39 min (SD + 0). The mean induction duration was —
10.83 (SD =+ 1.69), while the mean invasive procedure 3 NA
time was 13.17 min (SD + 3.11). The overall Anesthesia . 4 NA

Ready Time (ART) was 14.22 min (SD + 1.83). Of the
procedures, most (91.4%) ARTs were benchmarked,
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able 4: Characteristics and ART in samples with
prolonged ART

Variables N (%)
Gender Male 9 (90)
Female 1(10)
Age 0-9 yr 1(10.0)
(40.00 £20.00) 90-39 yr 4 (40.0)
40-59 yr 3(30.0)
260 yr 2 (20.0)
ASA Status ASAI| 3(30.0)
ASAII 7 (70.0)
Anesthesia General 1(10.0)
type Anesthesia
Regional - 9(90.0)
Epidural
Surgery
Procedure
Plastic Surgery 3 (30.0)
Neurosurgery 1(10.0)
Vascular Surgery 2 (20.0)
Obstetrics and 0(0.0)
Gynecology
(Obsgyn)
Orthopedic 4 (40.0)
Surgery
ART (min) Mean + SD 21+1.94

Out of 116 patients, there were 18 patients who received
invasive arterial line [2 (11%)] or central venous catheter
(CVC) [16 (89%)]. No patients were fitted with both, nor
other invasive procedures such as nasogastric tube, fiber
optic intubation. All these patients were compliant with
the Benchmark.

There were 10 (8.6%) surgeries with ART that did not
meet the benchmark (Table 4). Patient demographics
were predominantly male and the age group was 20-39
yr. The most common emergency surgeries that did not

Anesthesia ready time for emergency surgery

meet ART benchmarks were orthopedic surgical
procedures with epidural anesthesia and delays due to
waiting for the surgical operator. In terms of ASA status,
there were no ASA >3 statuses with the majority of ASA
2 statuses (70%) of all findings. Epidural anesthesia type
accounted for 90% (n = 9) of prolonged ART findings
and 10% (n = 1) in general anesthesia type. There were
no findings in regional anesthesia type SAB. From the
above characteristics data, we further analyzed the
appropriateness of ART based on ASA status and
anesthesia type (Table 5).

From ASA status 1-2, the percentage of ART conformity
to benchmarks was similar, 88% for ASA status 1 and
89.71% for ASA status 2. Comparison by anesthesia type
showed that the conformity of general anesthesia type
was 98.46% and SAB regional anesthesia type was
100%. Meanwhile, only 30.76% of epidural regional
anesthesia types achieved ART according to
benchmarks. The mean ART of epidural anesthesia type
in the extended ART group was 21.55 min (SD = 0.88).

To determine the factors of ART that did not meet the
benchmark, the questionnaire sheet included the causes
of ART. Of the 10 findings of prolonged ART, 60% were
due to difficulty in anesthesia technique, 30% due to
waiting for the surgical colleague, and 10% due to
monitor malfunction (Table 6).

Table 6. Factors causing prolonged ART

Category N (%)
Waiting for the surgeon 3(30)
Waiting for local anesthesia agent 6 (60)

onset

Monitor malfunction 1(10)

4. DISCUSSION

The gender of the study subjects was equal between male
and female. The mean age was 36.76 y with most

Table 5: ART and Compliance differed by ASA status and type of anesthesia

Patient Compliant with the Not compliant with the
Number benchmark benchmark
1 25 22 (88.0) 3(12.0)
ASA Status 2 68 61 (89.71) 7 (10.29)
3 23 23 (100.0) 0(0.0)
General 64 (98.46) 64(98.46) 64 (98.46)
Anesthesia Anesthesia
Type Regional SAB 38 (100.0) 38 (100.0) 38 (100.0)
Regional Epidural 4 (30.76) 4 (30.76) 4 (30.76)
Data presented as n (%)
www.apicareonline.com 35 Open access attribution (CC BY-NC 4.0)
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subjects in the 20-39 years age group (44%). There were
no subjects with ASA 4. The distribution of the most
Obgyn surgical procedures reached 29.3% (n = 34),
similar to the emergency surgery study in Surabaya.*
Gastrointestinal surgery 15.5% (n = 18) and Urological
surgery 12.9% (n = 15) were the second and third most
common procedures, and the least was plastic surgery at
6% (n = 7). In contrast to the findings of other studies
abroad that often found the highest distribution of
Orthopedic emergency surgeries>*, in this study,
orthopedic surgery procedures were found to be quite
small at only 7.8% (n=9).

4.1. Anesthesia Ready Time

The ART compliance rate for emergency surgery in this
study was 91.4%, with 106 anesthesia services in
accordance with the ART benchmark. There were 8.6%
(n=10) of 116 anesthesia services that did not meet the
ART benchmark. The overall mean ART was 14.22 min
(SD = 1.83). There were no findings of ART >30 min or
0%. The finding of no ART >30 min is satisfactory, when
compared to the results of a study in a teaching hospital
in Pakistan with an average of 70% and another study in
a domestic teaching hospital which was only around
30%.3

From the results of the average ART based on the type of
anesthesia, only in the epidural regional anesthesia type,
the average value obtained extends from the benchmark
based on previous study. The average value of ART in
the SAB regional anesthesia type is 13.65 min, in
accordance with the SAB regional benchmark of 15 min.
While in the epidural anesthesia type, the average ART
value is 20.77 min, extending from the benchmark time
of 20 min.?

ART in the general anesthesia type group was found to
average 13.77 min, but in more detail the type of general
anesthesia was assessed separately based on ASA status.
In the general anesthesia type group, ASA status 1 had a
mean ART of 13.36 min, ASA status 2 had a mean ART
of 13.81 min, and ASA status 3 had a mean ART of 14.25
min. The average value of ART in the ASA 1-3 status
group obtained is in accordance with the ART
benchmark, which is 15 min for ASA 1-2 and 30 min for
ASA 3-4.2 In this study, there were no samples of general
anesthesia types with ASA 4 status.

Similar to the type of general anesthesia, further analysis
was carried out on both types of regional anesthesia SAB
and epidural based on ASA status. In the SAB regional
anesthesia type, there were no samples with ASA status
1 and ASA status 4. The mean ART value in the ASA
status 2 group was 13.65 min and the ASA 3 group was
13.71 min. Both the ASA 2 and ASA 3 status groups'
mean ART values were in accordance with the SAB
procedure benchmark time of 15 min. Similarly, when
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assessed with the ASA status 2 and 3 benchmarks, the
mean ART values were still in accordance with the
benchmarks of 15 min and 30 min, respectively.? In the
epidural type of regional anesthesia, the mean ART value
of the ASA status 1 group was 21.0 min and the ASA
status 2 group was 20.70 min. The ART of both ASA
statuses was prolonged, both from the epidural
procedure benchmark of 20 min and from the ASA
benchmark of 15 min. There were no samples in ASA
status groups 3 or 4 in the epidural regional anesthesia

type.

In general, the findings of this ART indicate that
anesthesia services in emergency surgery cases at the
tertiary hospital in Indonesia are quite good compared to
previous studies in Pakistan, which served as the basis
for the researcher's benchmarks and references. This is
based on the ART results in all ASA statuses performed
by general anesthesia and SAB types, which are in
accordance with the benchmarks. However, the findings
on anesthesia services performed with epidural type of
action were still not optimal due to ART findings that
extended from the benchmark time. The difficulty of the
epidural procedure is one of the factors that often arises
in various places.>* This is one of the components of the
factors that affect ART, namely the resource factor
(Human) and anesthesia technique (Method).?
Furthermore, in more detail, it will be explained in the
subchapter of ART factors lengthening.

4.2. Invasive Procedure Time Duration

The calculation of anesthesia service readiness time
starts from the time the monitor is installed until the
patient is declared ready for surgery, without including
positioning the patient or other further preparations.*®
The analysis of the readiness component of this study is
divided into three, namely: monitor insertion time,
induction duration, and invasive procedure time
duration. It is important to note that in the anesthesia
service of the tertiary hospital, after the induction
process is complete, the surgical operator can start the
surgical procedure without waiting for the anesthesia
invasive procedure to be completed. Anesthesia invasive
procedures can be performed at the same time as the
surgical operator performs the procedure. This is an
important factor that allows for shorter ART and more
effective overall surgical management duration.
Therefore, it can be said that the ART in this study only
has two components, namely monitor insertion and
induction duration. Monitor insertion took an average of
3.39 min (SD =+ 0.92) and induction duration was 10.83
min (SD + 1.69). Until now, there is no standardized time
duration for these two things.

Out of 116 patients, 18 of them required invasive
anesthesia. Two types of invasive anesthesia were
recorded, namely, arterial line and CVC insertion. There
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was no invasive nasogastric tube (NGT) or fiber optic
intubation. The average invasive procedure process was
13.17 min with SD + 3.11, in accordance with the
benchmark used in the study which is the duration of
invasive procedure time of 15 min.> The analysis
continued with the duration of invasive procedures and
compliance with benchmarks for each action. For the
arterial line procedure, the mean procedure duration was
5.0 min (SD £ 0.0) with 100% compliance with the
benchmark. This average is better than similar studies in
other teaching hospitals in Indonesia with findings that
the average arterial line insertion ranged from 9-21
min.*7 CVC actions require an average duration of 14.18
+ 0.98, with a level of conformity with the benchmarks
set reaching 100%. The average duration of CVC
procedures in this study was better than similar studies
that found the average duration of CVC insertion ranged
from 18-21 min.*” Thus, the level of conformity of
invasive procedures both in general and in each type of
invasive procedure was very satisfactory, namely 100%.

There were differences related to invasive anesthesia
measures in this study with previous studies. Intravenous
(IV) line insertion was not included as one of the
anesthesia invasive procedures in this study. This
consideration was based on the fact that all patients
planning surgery in the central operating theater of
Hasan Sadikin Hospital Bandung had an IV line installed
before entering the operating room. Thus, this allows the
duration of induction, invasive procedures, and overall,
ART to be shorter and more effective.

4.3. Prolonged ART Factor

Of all cases of prolonged ART (n = 10), the mean ART
was 21 £ 1.94 min. Orthopedic surgery was at the
top,with a percentage of 40.0% (n = 4) followed by
plastic surgery, vascular surgery and neurosurgery. There
was no delays more than 5 min. This result compares
favorably with the findings of a previous study that
found delays >5 min ranging from 26.5%.3

An interesting finding was that 70% (n = 7) of the
prolonged ART findings were in patients with ASA
status 2 and the remaining 30% (n = 3) in patients with
ASA status 1. No patients with ASA status 3 had
prolonged ART; whereas in theory an increase in ASA
status is directly proportional to anesthesia difficulties.
This may be due to other non-patient factors causing
ART delay.

In terms of anesthesia type, there were no SAB regional
anesthetics with prolonged ART. Furthermore, 90% (n =
9) of ART mismatches were found in epidural anesthesia
type and only 10% (n = 1) in general anesthesia type. The
finding that the majority of ART discrepancies were in
the epidural anesthesia type and the general epidural
ART mean score that did not meet the benchmarks set in
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this study, suggests difficulties with the epidural
procedure. The rate of ART non-compliance in epidural
procedures reached 69.24%. It may be due to several
factors, one of which is the difficulty of the epidural
technique performed. A study in Semarang showed the
same thing, where the failure rate of epidural procedures
reached 20%.%° Moreover, the duration of onset of
epidural action is quite prolonged. The average ART of
epidural anesthesia in the extended ART group was
21.55 £ 0.88 min. This finding is in accordance with the
research of Zand et al. who mentioned the start time of
bupivacaine in patients who performed epidural action
was 17.12 & 2.18 min for sensory block at L1 level and
24.9 + 2. 54 min for sensory block at T10.° Although
many epidural anesthesia techniques offer many
advantages, the length of time for the anesthetic drug to
work and a fairly high rate of procedure failure, is one of
the main reasons epidural anesthesia techniques are often
not chosen by anesthesia specialists.®!° To speed up the
onset of action, epidural procedures with bupivacaine are
often added with adjuvants, such as ketamine,!!!?
magnesium sulfate,'® sodium bicarbonate,® and others.
Other epidural analgesia drugs such as ropivacaine have
a faster overall onset time of + 14 min.'* The starting
time of ropivacaine motor block is within 5 min from

various studies, when using the brachial plexus block.'*
16

Induction duration is one of the influential components
in ART. In a German study, prolonged induction duration
was the most common factor contributing to prolonged
ART.3 Many anesthesia factors can prolong the induction
duration, such as the learning process, waiting for the
anesthesia team to be fully equipped, difficulty in
intravenous access, anesthetic drug preparation and
others. Epidural anesthesia technique accounts for a total
of 60% of the overall causes of delay that most
dominantly slowed ART in emergency surgery cases.
This finding is in contrast to the study by Zafar et al. who
found that learning activities were the most common
factor delaying ART duration.?

Specifically, from the age group, only 1 (10%) sample in
the age range of 0-9 y was found with neurosurgical
procedures under general anesthesia. This was due to a
malfunction of the monitor during the application of the
monitor. This is included in the Machine factor. Routine
daily checks of monitors and anesthesia machines are
important procedures and have been mentioned in many
studies, including a checklist from the Association of
Anesthetists of Great Britain and Ireland (AAGBI)."”
Anesthesia monitors consist of various devices, which
sometimes have different challenges for each type of
device. Although the results of the study showed the
shortest monitor setup time, the installation of all
monitor components such as electrocardiogram
electrodes, blood pressure cuffs, and peripheral oxygen
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saturation must be ensured to be correct and
functional.!:1?

Although not found in this study, in the process of
invasive procedures such as central venous access
insertion, one of the most common complicating factors
that prolong the duration of the procedure is pediatric
patients.>® In addition, the learning process of invasive
procedures with fiberoptic equipment is also often an
influencing factor.? In this study, none of the samples
were intubated using fiberoptic laryngoscope.

The last factor found in this study was delay due to
waiting for surgical team personnel, which accounted for
30% (n = 3). This is significantly higher than the 1.6%
found in Pakistan.” However, two studies in Indonesia
found similar results with 25%.,° and up to 50% in
another study.” This is one of the Human Factors. Good
cooperation between the person in charge of the
operating room, anesthesia team and surgical team is
needed to ensure the timely presence of all teams
involved. Of all the factors found in this study, all of the
things that affect ART prolonging are correctable causes.

5. LIMITATIONS

In this study, there were no samples with ASA 4 status,
and the number of samples of patients with ASA 3 status
was relatively small. This limits a more complete and
comprehensive analysis, especially the possibility that
other factors affecting anesthesia services in emergency
surgery in patients with higher ASA status will be
different from ASA status 1 to 3. A multi-center long-
duration study might offer more dependable conclusions.

6. CONCLUSION

The average Anesthesia Ready Time in patients who
performed emergency surgical anesthesia services at a
tertiary hospital in Indonesia with the types of general
anesthesia and regional subarachnoid block is in
accordance with the benchmark. Meanwhile, for the type
of epidural regional anesthesia 20.77 min, it was close to
the benchmark of 20 min. Factors found to affect ART in
emergency surgery anesthesia services at the tertiary
hospital showed that waiting for the onset of local
anesthesia time to work in epidural analgesia, waiting for
the surgeon or operator, and equipment malfunction were
factors that affected the anesthesia ready time.
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with the authors.
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