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Background: Because the quality of anesthesia affects the surgical outcome, the aim of this
study was to investigate the current status of anesthetic services performed by anesthesiol-
ogists and non-anesthesiologists in South Korea from 2014 to 2016 and to compare the re-
sults with data from 2011 to 2013.

Methods: The claimed anesthesia services at medical institutions with employed anesthe-
siologists and the claims for an invitation fee for an anesthesiologist at medical institutions
without employed anesthesiologists were regarded as anesthetic services performed by an
anesthesiologist. From 2014 to 2016, the employment of anesthesiologists according to the
type of medical institution, the status of anesthetic services according to the presence or
absence of employed anesthesiologists, and status of anesthetic services at medical institu-
tions without employed anesthesiologists were analyzed.

Results: The proportion of medical institutions that employed anesthesiologists slightly
increased from 27.8% in 2014 to 28.8% in 2016. General anesthesia was more concentrat-
ed at higher medical institutions, and most anesthesias were performed by an anesthesiol-
ogist. The proportion of spinal anesthesia, epidural anesthesia, and brachial plexus per-
formed by non-anesthesiologists was 11%, 15%, and 16.5%, respectively. Intravenous anes-
thesia performed by non-anesthesiologists was 58% and has increased compared to the
past.

Conclusions: The employment of anesthesiologists has increased with time, and general
anesthesiology was mostly performed by anesthesiologists. However, since the proportion
of anesthetic services performed by non-anesthesiologists in regional anesthesia and intra-
venous anesthesia was maintained high, it is necessary to find ways to expand the safety of
anesthetic services.

Keywords: Anesthesia; Anesthesiologist; Health; Insurance; Non-anesthesiologists; Patient
safety; Risk; Surgeons.

Introduction

South Korea’s health insurance system has been considered to be an unprecedented so-
cial insurance program worldwide, as it has achieved health insurance coverage for the
entire population in a short period of time [1]. In addition, to reduce the burden on the
people while guaranteeing the benefits to many people, the national insurance system is
aiming to establish a low-guarantee, low-cost system. Nevertheless, the quality of national
healthcare systems and medical technology in South Korea are very high, and the medi-
cal staff tends to accept advanced medical technologies and apply them to patient care

relatively quickly [2]. In addition, because it is easy to search for medical knowledge
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through the Internet, the demand for high-quality medical ser-
vices is increasing.

Since anesthesia has a significant impact on patient outcomes, it
is very important to ensure high-quality anesthesia management
during the perioperative period. However, anesthesiologists usual-
ly anesthetize patients in the operating room as a support proce-
dure, and they do not usually meet patients at outpatient clinics
before anesthesia. In addition, although patients undergoing sur-
gery pay a lot of attention to the surgeon, they often do not have
much interest in their anesthesiologists. Moreover, it is difficult to
determine who performed anesthesia in the operating room with-
out closely checking the medical records. Furthermore, the num-
ber of anesthetic procedures at medical institutions in South Korea
is increasing every year, as it is legally acceptable for other medical
specialists or general doctors to perform anesthetic procedures.

To ensure the provision of high-quality anesthetic services to
patients, the Korean anesthesiologists and Korean Society of An-
esthesiologists (KSA) make efforts to establish support and quali-
ty-check systems. The KSA has attempted to improve the quality
of anesthetic procedures by investigating the current status of an-
esthetic services and identifying and solving problems. The KSA
first investigated the status of anesthetic services performed by
anesthesiologists and non-anesthesiologists in South Korea from
2011 to 2013 [3]. And as a second effort, the state of anesthetic
service performed by anesthesiologists and non-anesthesiologists
was investigated from 2014 to 2016 in this study.

In order to establish a system for improving the safety and quality
of anesthetic services and to generate basic data for future research,
the aim of this study was to identify the current status of anesthetic
services performed by anesthesiologists and non-anesthesiologists in
South Korea using the insurance claims data of the National Health
Insurance (NHI) from 2014 to 2016. In addition, we analyzed
changes in the status of anesthetic services between our findings

from 2014 to 2016 and the previous investigation from 2011 to 2013.

Materials and Methods

This study was based on NHI claims data recorded from medi-
cal institutions nationwide from January 1, 2014, to December 31,
2016, extracted through the NHI Review and Assessment Service.
These data are released by the NHI Data Sharing Service of South
Korea for public research. Informed consent was obtained from
all the participants or their legal guardians in advance. The study
protocol was approved by the Institutional Review Board of Korea
University Ansan Hospital (IRB no. 2020AS0156, Approval on
May 25, 2020) and conducted at Korea University Ansan Hospital
(Gyeonggi-do, Korea). The following data were collected from the
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claims: anesthesia service-related claims for all age groups, such as
anesthesia procedure fees, anesthesia fees, and invitation fees for
anesthesiologists but not government grants and veterans” subsi-
dies. In addition, the medical treatment history, patient’s disease
diagnosis history, and prescription details were reviewed, and the
current status of the medical institution was recorded.

The medical institutions were classified according to Korean
medical law, and the following definitions were used: clinics hav-
ing less than 30 beds, hospitals having 30 to 100 beds, general
hospitals with more than 100 beds, and tertiary referral hospitals
designated by the government as specialized hospitals for treating
serious diseases. Clinics and hospitals with less than 100 beds
were further classified as primary medical institutions and general
hospitals with less than 100 beds as secondary medical institu-
tions. Dental hospitals were classified separately. An anesthetic
procedure was classified as an anesthetic service performed by an
anesthesiologist when it was performed at a medical institution
with an employed anesthesiologist or when the anesthesia proce-
dure fees were claimed together with the invitation fee of an anes-
thesiologist at medical institutions without an employed anesthe-
siologist. As for the type of anesthesia, all anesthetic procedures,
except for local anesthetic infiltration, were classified as general,
regional, and intravenous anesthesia. General anesthesia was sub-
divided into endotracheal intubation and mask ventilation. Re-
gional anesthesia was subdivided into spinal, epidural, and brachial
plexus block. Intravenous anesthesia was defined as anesthesia that
anesthetizes the patient using intravenous anesthetics while main-
taining spontaneous breathing, as specified by the NHI.

Based on the data collected from 2014 to 2016, the employment
status of anesthesiologists according to the type of medical insti-
tution, the status of anesthetic services according to the presence
or absence of an employed anesthesiologist, and the status of an-
esthetic services at a medical institution without an employed an-
esthesiologist were analyzed. The data were expressed as numbers
(percentages). In order to compare our data with the data from
2011 to 2013, we used the data that the KSA investigated [3], and
the data were compared with a X2 (chi-squared) test (SPSS ver. 22,
IBM Corp., USA). P < 0.05 was considered statistically signifi-

cant.

Results

Employment status of anesthesiologists by type of
medical institution and overall status of anesthetic service
performed by anesthesiologist or non-anesthesiologist

The proportion of medical institutions with employed anesthe-
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siologists slightly increased in all medical institutions (Table 1).
Approximately 63% of the hospitals employed their own anesthe-
siologists, but 92% of clinics did not. The rate of dental hospitals
with employed anesthesiologists showed an increasing trend.

The total number of anesthesia cases was about 2 million in
2014-2016 (Tables 2-7). The average proportions of general, re-
gional, and intravenous anesthesia for three years were approxi-
mately 53.4%, 37.8%, and 8.8%, respectively (Fig. 1). During
2014-2016, the annual proportion of total anesthesia performed
at primary and dental hospitals without employed anesthesiolo-
gists was about 14% (Table 2). During 2014-2016, the annual pro-
portion of total anesthetic procedures performed by non-anesthe-
siologist clinicians at primary hospitals and dental hospitals with-

out employed anesthesiologists was about 10% (Table 2).
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The proportion of hospitals with employed anesthesiologists
had increased from 50% in the 2011-2013 analysis to 63% in 2014
(P < 0.001). The proportion of anesthetic procedures performed
by non-anesthesiologists decreased slightly from 13-17% in
2011-2013 to 10.0% in 2016 (P < 0.001). In addition, the propor-
tion of anesthetic procedures performed by non-anesthesiologists
at medical institutions without employed anesthesiologists
showed a decreasing trend from 76-78% in 2011-2013 to 71% in
2016 (P < 0.001).

The status of general anesthesia with endotracheal
intubation by an anesthesiologist or non-anesthesiologist

During 2014-2016, approximately one million cases of general

Table 1. The Number of Institutions with Directly Employed Anesthesiologists (Sorted by Class of Institutions and Included All Kind of Anesthetic

Procedure)
Class of institut 2014 2015 2016
ass otinstitutions NEA (%)  EA(%)  Total  NEA(%) EA(%)  Total  NEA(%) EA(%)  Total
Tertiary referral hospital 43 (100.0) 43 43 (100.0) 43 43 (100.0) 43
General hospital 288 (100.0) 288 294 (100.0) 294 300 (100.0) 300
Hospital 363 (36.6) 630 (63.4) 993 337(37.0) 641 (63.0) 1018 389 (37.7) 642 (62.3) 1031
Clinic 2780(92.1)  237(7.9) 3017 2695(92.4)  221(7.6) 2916 2657(91.9)  234(8.1) 2891
Dental hospital 4(26.7) 11(73.3) 15 3(16.7) 15 (83.3) 18 3(18.8) 13 (81.3) 16
Total 3147 (72.2) 1209 (27.8) 4356 3075(71.7) 1214(28.3) 4289 3049 (71.2) 1232(28.8) 4281
NEA: non-employed anesthesiologist, EA: employed anesthesiologist.
Table 2. The Number of Anesthesia Performed in Primary Institutions without Employed Anesthesiologists
Type of anesthesia 2014 2015 2016
NA (%) AA (%) NA (%) AA (%) NA (%) AA (%)
Endotracheal 11,080 (37.0) 18,901 (63.0) 9,722 (32.7) 20,001 (67.3) 8,615 (31.5) 18,768 (68.5)
Mask 5,817 (62.9) 3,424 (37.1) 5,940 (60.9) 3,807 (39.1) 5,607 (55.7) 4,468 (44.3)
Spinal 48,784 (66.7) 24,369 (33.3) 52,809 (67.4) 25,514 (32.6) 50,784 (64.5) 27,939 (35.5)
Epidural 27,476 (50.6) 26,819 (49.4) 28,583 (49.3) 29,397 (50.7) 27,958 (45.1) 30,397 (54.9)
Brachial block 27,972 (68.8) 12,700 (31.2) 26,067 (63.5) 14,993 (36.5) 26,332 (60.2) 17,389 (39.8)
Intravenous 91,999 (99.8) 203 (0.2) 91,230 (99.8) 204 (0.2) 90,623 (99.5) 452 (0.5)
Total 213,128 86,416 214,351 93,916 209,919 99,413
NA: number of anesthesia performed by non-anesthesiologists, AA: number of anesthesia performed by anesthesiologists.
Table 3. The Number of General Anesthesia with Endotracheal Intubation Performed by Anesthesiologists (Sorted by Class of Institutions)
- 2014 2015 2016
Class of institutions
NA (%) AA (%) NA (%) AA (%) NA (%) AA (%)
Tertiary referral hospital 431,088 (100.0) 439,579 (100.0) 479,677 (100.0)
General hospital 340,451 (100.0) 328,538 (100.0) 346,181 (100.0)
Hospital 5,742 (3.4) 164,285 (96.6) 4,497 (2.8) 158,724 (97.2) 4,155 (2.6) 150,337 (92.8)
Clinic 4,947 (18.2) 22,163 (81.8) 4,902 (18.5) 21,657 (81.5) 4,095 (16.5) 9,469 (38.2)
Dental hospital 391(9.7) 3,643 (85.6) 323(7.8) 3,838 (92.2) 365 (7.1) 4,748 (92.9)
Total 11,080 (1.1) 961,630 (98.9) 9,722 (1.0) 952,336 (99.0) 8,615 (0.8) 988,702 (97.3)
NA: number of anesthesia performed by non-anesthesiologists, AA: number of anesthesia performed by anesthesiologists.
https://doi.org/10.4097/kja.22286 429
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Table 4. The Number of General Anesthesia with Mask Ventilation Performed by Anesthesiologists (Sorted by Class of Institutions)

o 2014 2015 2016
Class of institutions
NA (%) AA (%) NA (%) AA (%) NA (%) AA (%)
Tertiary referral hospital 17,235 (100.0) 20,586 (100.0) 19,851 (100.0)
General hospital 32,698 (100.0) 33,657 (100.0) 33,170 (100.0)
Hospital 4,357 (7.2) 55,787 (92.8) 4,240 (6.6) 59,809 (93.4) 4,139 (5.8) 67,114 (94.2)
Clinic 1,460 (20.0) 5,834 (80.0) 1,700 (24.3) 5,294 (75.7) 1,468 (21.2) 5,446 (78.8)
Dental hospital 452 (100.0) 281 (100.0) 83 (100.0)
Total 5,817 (4.9) 112,006 (95.1) 5,940 (4.7) 119,627 (95.3) 5,607 (4.3) 125,664 (95.7)
NA: number of anesthesia performed by non-anesthesiologists, AA: number of anesthesia performed by anesthesiologists
Table 5. The Number of Spinal Anesthesia Performed by Anesthesiologists (Sorted by Class of Institutions)
2014 2015 2016
Class of institutions
NA (%) AA (%) NA (%) AA (%) NA (%) AA (%)
Tertiary referral hospital 42,907 (100.0) 39,163 (100.0) 39,460 (100.0)
General hospital 125,892 (100.0) 130,278 (100.0) 136,292 (100.0)
Hospital 16,405 (7.9) 190,355 (92.1) 17,183 (7.9) 200,925 (92.1) 17,267 (7.6) 208,864 (92.4)
Clinic 32,379 (64.1) 18,096 (35.9) 35,626 (65.3) 18,891 (34.7) 33,517 (64.9) 18,094 (35.1)
Dental hospital 1 (100.0)
Total 48,784 (11.5) 377,250 (88.5) 52,810 (11.9) 389,257 (88.1) 50,784 (11.2) 402,710 (88.8)
NA: number of anesthesia performed by non-anesthesiologists, AA: number of anesthesia performed by anesthesiologists.
Table 6. The Number of Epidural Anesthesia Performed by Anesthesiologists (Sorted by Class of Institutions)
- 2014 2015 2016
Class of institutions
NA (%) AA (%) NA (%) AA (%) NA (%) AA (%)
Tertiary referral hospital 5,292 (100.0) 4,977 (100.0) 4,825 (100.0)
General hospital 16,892 (100.0) 16,719 (100.0) 15,835 (100.0)
Hospital 14,515 (14.2) 87,858 (85.8) 14,400 (13.3) 93,622 (86.7) 11,121 (10.6) 93,712 (89.4)
Clinic 12,961 (24.9) 39,192 (75.1) 14,183 (25.2) 42,099 (74.8) 13,837 (26.3) 38,748 (73.7)
Dental hospital
Total 27,476 (155) 149,234 (84.5) 28,583 (154) 157,417 (84.6) 24,958 (14.0) 153,120 (86.0)

NA: number of anesthesia performed by non-anesthesiologists, AA: number of anesthesia performed by anesthesiologists.

Table 7. The Number of Brachial Plexus Block Performed by Anesthesiologists (Sorted by Class of Institutions)

2014 2015 2016
Class of institutions
NA (%) AA (%) NA (%) AA (%) NA (%) AA (%)

Tertiary referral hospital 4,369 (100.0) 4,251 (100.0) 4,358 (100.0)
General hospital 34,338 (100.0) 36,246 (100.0) 39,849 (100.0)
Hospital 15,014 (15.9) 79,237 (84.1) 14,478 (14.0) 89,033 (86.0) 15,772 (14.4) 93,673 (85.6)
Clinic 12,958 (65.4) 6,869 (34.6) 11,589 (59.1) 8,016 (40.9) 10,560 (54.7) 8,743 (45.3)
Dental hospital 1 (100.0)
Total 27,972 (18.3) 124,813 (81.7) 26,067 (15.9) 137,546 (84.1) 26,332 (15.2) 146,624 (84.8)

NA: number of anesthesia performed by non-anesthesiologists, AA: number of anesthesia performed by anesthesiologists.

anesthesia with endotracheal intubation were performed annually ~ thesia performed in primary and dental hospitals were 20.7% in
2014, 20.2% in 2015, and 18.9% in 2016. During 2014-2016, the

annual proportion of anesthesia performed at medical institutions

at all medical institutions, and 1% of them were performed by

non-anesthesiologists (Table 3). The annual proportions of anes-
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without employed anesthesiologists was about 3% (Tables 2 and
3). Among them, over 30% were performed by non-anesthesiolo-
gists (Table 2).

In 2014-2016, most of the anesthesia was performed more prom-
inently in higher ranking medical institutions than clinics (P <
0.001). The rate of anesthesia performed at medical institutions
without employed anesthesiologists was 5-9% in 2011-2013 and
only 3% in 2014-2016 (P < 0.001). In addition, the proportion of
anesthesia performed by non-anesthesiologists in medical institu-
tions without employed anesthesiologists also decreased to approxi-
mately 30% in 2014-2016 from 57-63% in 2011-2013 (P < 0.001).

The status of general anesthesia with mask ventilation
by an anesthesiologist or non-anesthesiologist

A total of 110,000-130,000 procedures of general anesthesia
with mask ventilation were performed annually; among them,
4.3-4.9% were performed by a non-anesthesiologist (Table 4).
The annual proportions of anesthesia performed in primary and
dental hospitals were 57.6% in 2014, 56.8% in 2015, and 59.6% in

Anesthetic status in South Korea
2,500,000 -

2,000,000 187,626 (9.1%) 156,070 (7.5%)

204,090 (10.0%)

1,500,000

1,000,000

1,090,533
(53.1%)

1,087,625
(52.6%)

1,128,588
(54.0%)

500,000

0-

2014 2015 2016
HWGA WRA IVA

Fig. 1. The proportion of anesthesia classification in South Korea
(data from NHI, 2014-2016). GA: general anesthesia, RA: regional
anesthesia, IVA: intravenous anesthesia.
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2016. During 2014-2016, the annual proportion of anesthesia
performed at medical institutions without employed anesthesiol-
ogists was about 7.8% (Tables 2 and 4), and among them, 62.9%,
60.9%, and 55.7%, in 2014, 2015, and 2016, respectively, were per-
formed by non-anesthesiologists (Table 2).

The overall proportion of anesthesia performed by non-anes-
thesiologists decreased from 9-14% in 2011-2013 to 4% in 2014-
2016 (P < 0.001). The proportion of anesthesia performed at pri-
mary medical institutions decreased from 60.8% in 2012 to 56.8%
2015, but increased from 56.8% in 2015 to 59.6% in 2016 (P <
0.001). The rates of anesthesia performed at medical institutions
without employed anesthesiologists were 12-18% in 2011-2013
and only 7% in 2014-2016 (P < 0.001). In addition, the propor-
tion of anesthesia performed by non-anesthesiologists at medical
institutions without employed anesthesiologists decreased to ap-
proximately 55-62% in 2014-2016 from 75-80% in 2011-2013
(P<0.001).

The status of regional anesthesia by an anesthesiologist
or non-anesthesiologist

Spinal anesthesia

Annually, 380,000-450,000 spinal anesthesia procedures were
performed in 2014-2016, and approximately 11% were performed
by a non-anesthesiologist (Table 5). During 2014-2016, the annu-
al proportion of anesthesia performed at primary medical institu-
tions and dental hospitals was about 60%. During 2014-2016, the
annual proportion of anesthesia performed at medical institutions
without employed anesthesiologists was about 17%. Among them,
about 66% was performed by non-anesthesiologists (Table 2).

The overall proportion of anesthesia performed by non-anes-
thesiologists decreased from 16-22% in 2011-2013 to 11% in
2014-2016 (P < 0.001). The proportion of anesthesia performed
in primary medical institutions was 60.1% in 2014, 61.6% in 2015,
and 61.2% in 2016 and rather increased in 2015 and 2016 from the
average 60.1% in 2011-2013 (P = 1.00 in 2014, and P < 0.001 in

Table 8. The Number of Intravenous Anesthesia Performed by Anesthesiologists (Sorted by Class of Institutions)

Class of institutions 2014 2015 2016
NA (%) AA (%) NA (%) AA (%) NA (%) AA (%)

Tertiary referral hospital 19,560 (100.0) 15,472 (100.0) 8,532 (100.0)
General hospital 28,173 (100.0) 24,150 (100.0) 13,572 (100.0)
Hospital 17,938 (26.3) 50,152 (73.7) 17,885 (29.3) 43,135 (70.7) 17,952(355) 32,571 (64.5)
Clinic 74,061 (84.0) 14,086 (16.0) 73,345 (84.4) 13,531 (15.6) 72,671 (87.1) 10,772 (12.9)
Dental hospital 120 (100.0) 108 (100.0) 15 (100.0)
Total 91,999 (45.1) 112,091 (54.9) 91,230 (48.6) 96,396 (51.4) 90,623 (58.1) 65,447 (41.9)

NA: number of anesthesia performed by non-anesthesiologists, AA: number of anesthesia performed by anesthesiologists.

https://doi.org/10.4097/kja.22286
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2015 and 2016). The proportion of anesthesia performed by anes-
thesiologists at medical institutions without employed anesthesiolo-
gists and the proportion of anesthesia performed by anesthesiolo-
gists at these hospitals decreased from 20-30% to 17% in 2014-
2016 and from 74% to 65% in 2011-2013, respectively (P < 0.001).

Epidural anesthesia

Annually, 176,000-186,000 epidural anesthesias were per-
formed, and approximately 15% of them were performed by
non-anesthesiologists (Table 6). During 2014-2016, the annual
proportion of anesthesia performed at primary medical institu-
tions was about 88%. During 2014-2016, the annual proportion
of anesthesia performed at medical institutions without employed
anesthesiologists was about 31%. Among them, about 50% was
performed by a non-anesthesiologist (Table 2).

The overall proportions of anesthesia performed by non-anes-
thesiologists decreased from 29% in 2011-2013 to 15% in 2014-
2016 (P < 0.001). The proportion of anesthesia performed at pri-
mary medical institutions increased from 86% in 2011-2013 to
88% in 2014-2016 (P < 0.001). The proportion of anesthesia per-
formed at medical institutions without employed anesthesiologists
increased from 37-46% in 2011-2013 to 30% in 2014-2016 (P <
0.001). In addition, the proportion of anesthesia performed by
non-anesthesiologists at these hospitals also decreased to approxi-
mately 50% in 2014-2016 from approximately 70% in 2011-2013
(P < 0.001).

Brachial plexus block

Annually, 150,000-170,000 brachial plexus blocks were per-
formed, and approximately 16.5% of them were performed by
non-anesthesiologists (Table 7). The annual proportion of anes-
thesia performed at primary medical institutions and dental hos-
pitals was about 75%. During 2014-2016, the annual proportions
of anesthesia performed at medical institutions without an em-
ployed anesthesiologist was about 26%. Among them, 68.8% in
2014, 63.5% in 2015, and 60.2% in 2016 were performed by
non-anesthesiologists (Table 2).

The annual number of cases increased from 100,000-150,000
in 2011-2013 to 150,000-170,000 in 2014-2016, and the overall
proportions of anesthesia performed by non-anesthesiologists de-
creased from 26% in 2011-2013 to 16.5% in 2014- 2016 (P <
0.001). The proportion of anesthesia performed at primary medi-
cal institutions increased from an average of 72.7% in 2011-2013
to an average of 74.4% in 2014-2016 (P < 0.001). The proportion
of anesthesia performed at medical institutions without employed
anesthesiologists decreased from 35% in 2011-2013 to 25% in
2014-2016 (P < 0.001). In addition, the proportion of anesthesia
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performed by non-anesthesiologists at these hospitals also de-
creased to approximately 65% in 2014-2016 from approximately
75% in 2011-2013 (P < 0.001).

The status of intravenous anesthesia by anesthesiologist
or non-anesthesiologist

The annual number of anesthesia decreased from 200,000 to
150,000 from 2014 to 2016; however, the proportions of anesthe-
sia performed by non-anesthesiologists increased from 45% to
58% (Table 8). In addition, the proportion of anesthesia per-
formed at primary institutions and dental hospitals increased
from 76.6% in 2014 and 78.9% in 2015 to 85.8% in 2016. More-
over, the proportions of anesthesia performed at medical institu-
tions without employed anesthesiologists increased from 45.2% in
2014 and 48.7% in 2015 to 58.3% in 2016, and most of them were
performed by non-anesthesiologists (Table 2).

The overall proportions of anesthesia performed by non-anes-
thesiologists decreased from 54% in 2011 to 45.1% in 2014, but
increased from 45.1% in 2014 to 58.1% in 2016, and in particular,
in 2016, it increased significantly compared to 2011 (P < 0.001)
The proportion of anesthesia performed at primary medical insti-
tutions increased from an average of 76.0% in 2011-2013 to an
average of 80.7% in 2014-2016 (P < 0.001). The proportion of
anesthesia performed at medical institutions without employed
anesthesiologists decreased from 54% in 2011 to 45.2% in 2014,
but increased from 45.2% in 2014 to 58.3% in 2016 (P < 0.001).
In addition, the proportion of anesthesia performed by non-anes-
thesiologists at these hospitals also decreased to approximately
99.5% in 2014-2016 from 100% in 2011-2013 (P < 0.001).

Discussion

The practice of general anesthesia was more prominent at high-
er medical institutions than at institutions at the clinic level and
below, and most anesthesias were performed by anesthesiologists.
Even at medical institutions without employed anesthesiologists,
the proportion of anesthesia performed by non-anesthesiologists
in 2014-2016 was less than that in 2011-2013 by 50%. In the case
of regional anesthesia, the proportion of anesthesia performed by
non-anesthesiologists decreased, but the proportion of anesthesia
performed in primary medical institutions increased. Fortunately,
both the proportion of anesthesia performed at medical institu-
tions without employed anesthesiologists and the proportion of
anesthesia performed by non-anesthesiologists there decreased.
The problem is that although the annual number of intravenous

anesthesia has been reduced, the overall proportions of anesthesia
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performed by non-anesthesiologists decreased from 2011 to 2014
but increased from 2014 to 2016. The proportions of anesthesia
performed in primary medical institutions increased, and the pro-
portion of anesthesia performed at medical institutions without
employed anesthesiologists decreased from 2011 to 2014 but in-
creased from 2014 to 2016. Moreover, although the proportions of
intravenous anesthesia performed by non-anesthesiologists at
medical institutions without employed anesthesiologists statisti-
cally decreased compared to the past, most of them are still per-
formed by non-anesthesiologists.

Endotracheal intubation is a procedure that requires special ex-
pertise in anesthesiology. If it fails, serious complications can
arise, such as hypoxia and respiratory arrest; therefore, it is mostly
performed by specialists. According to our study, the proportion
of general anesthesia performed by anesthesiologists at upper-lev-
el medical institutions increased from 2014 to 2016. This change
occurred when both medical staff and patients recognized the im-
portance of general anesthesia being performed by anesthesiolo-
gists. In addition, general anesthesia with mask ventilation has a
lower failure rate and is easier to perform than endotracheal intu-
bation; non-anesthesiologist can be trained to carry out this pro-
cedure in a short period of time [4]. Therefore, the proportions of
general anesthesia with mask ventilation performed by non-anes-
thesiologists at primary medical institutions and medical institu-
tions without employed anesthesiologists were higher than the
proportions of general anesthesia with endotracheal intubation.

However, at medical institutions without employed anesthesiol-
ogists, regular education and continued training will be needed in
the future to prevent medical accidents and reduce the risk of
complications. Paramedics such as emergency medical techni-
cians usually have many opportunities to intubate, but studies
have shown that emergency medical technicians usually attempt
intubation 1.3 times and have a success rate of 80.6%. One study
showed that the higher the intubation experience, the higher the
success rate of intubation [5]. In a study involving interns, the
success rate of mask ventilation was 85%, while the success rate of
endotracheal intubation was 78%; the success rates increased to
94% and 90%, respectively, after some training [4]. In addition,
the recently popular video laryngoscope can increase the intuba-
tion success rate of interns who have experienced lesser than 10
cases; therefore, in order to minimize the risk of failed intubation,
we recommend the use of appropriate assistive devices and con-
tinued training of personnel [6,7].

The overall proportion of regional anesthesia performed by
non-anesthesiologists decreased. The proportion of regional anes-
thesia performed by anesthesiologists at medical institutions

without employed anesthesiologists and the proportion of anes-
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thesia performed by anesthesiologists at these hospitals decreased.
However, the proportion of anesthesia performed at primary
medical institutions rather increased. The overall proportion of
regional anesthesia performed by non-anesthesiologists and the
proportion performed by non-anesthesiologists at medical insti-
tutions without employed anesthesiologists were higher than
those of general anesthesia. A large percentage of spinal anesthe-
sia is performed for orthopedic and general surgery. Since most of
the surgeries are short, an anesthesiologist invited to medical in-
stitutions without employed anesthesiologists performs several
spinal anesthesias during a single visit. In hospitals with branch
offices, a small number of employed anesthesiologists are dis-
patched to other offices to perform procedures. In these cases,
even though the procedure was performed by an anesthesiologist,
the number of claims for the invitation fee of an anesthesiologist
was less than the number of claims for anesthetic procedures, so
the proportion of anesthesia performed by non-anesthesiologists
may be overestimated. Epidural catheters inserted by anesthesiol-
ogists for labor analgesia can be used for cesarean section. In this
case, an invitation fee of an anesthesiologist for cesarean section
may not be additionally claimed and it may have been considered
as performed by non-anesthesiologists in our study. In addition,
spinal and epidural anesthesia for cesarean sections have been
categorized in the Diagnosis-Related Group (DRG) since July
2013. As a result, anesthesia fee cannot be claimed separately, so it
is possible that the proportion of anesthetic procedures performed
by non-anesthesiologists was overestimated relatively as it was ex-
cluded from the analysis or classified as performed by non-anes-
thesiologists.

Brachial plexus block is being performed more frequently than
in the past, but the proportion performed in medical institutions
without employed anesthesiologists decreased slightly. However,
the proportion performed by non-anesthesiologists was still high-
er than that of other types of anesthesia. The reason is thought to
be that as the number of brachial plexus blocks guided by ultra-
sound increased, the proportion performed by non-anesthesiolo-
gists increased. Some studies on brachial plexus block reveal that
it was performed by orthopedic surgeons [8,9], and globally, there
is an increasing trend of regional anesthesia performed by
non-anesthesiologists, nurse practitioners, or physician assistants
[10]. In addition, the spread of ultrasound and the diversification
of the practitioner [11,12] will lead to an increase in brachial plex-
us blocks for ambulatory surgery in primary medical institutions
without employed anesthesiologists.

However, in addition to puncturing a needle in the target struc-
ture, regional anesthesia involves many other aspects, for example,

interpreting readings from monitoring devices to check for ad-
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verse effects/complications, converting to general anesthesia if re-
quired, identifying signs/symptoms of local anesthetic systemic
toxicity, and administering inotropes [10]. Very few studies have
compared the rates of complications between anesthesiologists
and non-anesthesiologists in regional anesthesia. In one study, for
non-anesthesiologists to have a success rate of 90% or higher, ex-
perience of at least 45 cases of spinal anesthesia and 60 cases of
epidural anesthesia was required [13]. However, experience of 27
cases of endotracheal intubation and 112 cases of spinal anesthe-
sia was required for a high success rate of over 88%, suggesting
that spinal anesthesia requires more training than the former [14].
Therefore, when regional anesthesia is performed by a non-anes-
thesiologist, caution must be needed and sufficient education and
guidelines by anesthesiologists should be provided.

In this study, intravenous anesthesia was the most common an-
esthetic service performed by non-anesthesiologists, and more
than half of the anesthesia was performed at primary medical in-
stitutions. In addition, when intravenous anesthesia was per-
formed at medical institutions without employed anesthesiolo-
gists, most anesthesias were performed by non-anesthesiologists.
There have been many studies on the risks of intravenous anes-
thesia by a non-anesthesiologist. In studies of the American Soci-
ety of Anesthesiologists physical status (ASA-PS) class I and II pa-
tients, the incidence of complications was similar between intra-
venous anesthesia performed by an anesthesiologist and that per-
formed by a non-anesthesiologist, and most of them were found
to be safe [15-17]. However, according to a meta-analysis [18],
the risk of cardiopulmonary events was significantly higher for
anesthesia performed by a non-anesthesiologist. Also, among the
anesthesia-related medical disputes that occurred in Korea be-
tween 2009 and 2014 [19], the proportion of patients under the
age of 60 was 82.9%, and the ASA-PS class I and II was 90.5%.
Among them, about 33% of all medical accidents were due to in-
travenous anesthesia, and 92.3% of them were performed by a
non-anesthesiologist, so the risk of anesthesia performed by a
non-anesthesiologist in young and healthy patients cannot be
overlooked. In the case of patients with ASA class 3 and 4, there is
a study reporting that anesthesia by an anesthesiologist is desir-
able [20], and previous studies have mentioned that intravenous
anesthesia should be performed by an anesthesiologist for patients
in high-risk groups [21,22]. The reason is that, first, intravenous
anesthesia is mostly performed at primary medical institutions,
and the patient must cooperate with the treatment by providing
information on smoking cessation, abstinence, drugs, and under-
lying diseases; however, these aspects are difficult to confirm in
advance before surgery. In addition, because each patient has a

different response to anesthetic drugs, emergency airway manage-
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ment may be required if the patient is deeply sedated, even if the
correct dose is administered to the patient according to his/her
weight. In order to respond competently to emergency situations,
education on airway management such as knowledge of sedation
drugs and airway intubation is required. However, in a study of
Korean endoscopists, 27.3% of the respondents were not appro-
priately trained in sedation procedures and did not follow a spe-
cific sedation protocol [23].

Severe incidents may occur if accurate procedures are not per-
formed by anesthesiologists. According to a study that analyzed
the status of medical incidents that occurred at clinic-level hospi-
tals in South Korea from 2010 to 2012, anesthesia was the cause of
medical malpractice in approximately 0.3% of cases [24]. Howev-
er, according to previous studies, when complications occurred,
the period required for resolution was 28.1 weeks, which is quite a
long time [24-26]. Moreover, in a study that analyzed 105 cases of
anesthesia-related medical disputes in South Korea from 2009 to
2014, 35 of 39 cases of intravenous anesthesia were cases of
propofol use. Among intravenous anesthesia disputes, 30 disputes
were related to fatal severity, and six disputes were related to per-
manent and severe sequelae [19]. Just as the hiring of non-physi-
cian providers such as nurse anesthetists and anesthesiology assis-
tants in the United States has led to cost savings [27], the surgeons
or non-anesthesiologists performing anesthetic services may have
a cost-saving effect in South Korea. However, depending on the
clinician who performs the anesthetic procedure, the patients
postoperative outcome or length may be affected [28]. Anesthesia
plays a crucial role in medical procedures, and it has a major influ-
ence on postoperative complications and surgical outcomes.
Therefore, efforts to prevent side effects are required. In order to
increase the employment and performance rate of anesthesiolo-
gists, efforts should be made to improve the safety of anesthetic
procedures, such as introducing a real-name anesthesia system and
expanding the evaluation of anesthesia adequacy to hospitals and
clinic-level medical institutions. Also, enhanced anesthesia train-
ing and education for non-anesthesiologists and regular anesthe-
sia-related patient safety identification should be implemented.

Our study has several limitations. First, some surgeries were
categorized under the DRG, and this non-insured group was ex-
cluded from our status analysis. Since July 2013, South Korea im-
plemented a DRG system for seven surgeries that are widely per-
formed in all hospitals. In the fee-for-service system, anesthesia is
charged separately, and it is possible to determine whether anes-
thesia was performed by an anesthesiologist. However, because
anesthesia is not charged separately in the DRG system, it is not
possible to determine whether anesthesia is performed by an an-

esthesiologist in the DRG surgeries. According to our analysis, the
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annual number of surgeries categorized as DRG increased rapidly
from 766,223 in 2011 and 805,364 in 2012 to 964,012 in 2013 and
from 1,098,517 in 2014 and 1,110,401 in 2015 to 1,153,465 in
2016. Considering that a large number of surgeries were classified
as DRG surgeries, omitting them from the analysis may have led
to biased results. In addition, in the case of non-insured surgeries,
for which the patients pay the full costs, the Health Insurance Re-
view and Assessment Service does not claim medical care bene-
fits, so they were excluded from this analysis, and this may have
limited the accuracy of our analysis. Second, under the Korean
medical law, anesthetic procedures can be performed by a
non-anesthesiologist. Therefore, it is difficult to say that all anes-
thetic procedures were performed by an anesthesiologist even at
hospitals with employed anesthesiologists, so the numbers of an-
esthesia performed by anesthesiologists could have been overesti-
mated, resulting in a fundamental bias.

In South Korea, given the pursuit of advanced medical care and
increased public awareness of the needs of specialists, most gener-
al anesthesia requiring airway management is performed by anes-
thesiologists. The numbers of regional anesthesia and intravenous
anesthesia performed by anesthesiologists are gradually increas-
ing, but the rates of anesthesia performed by non-anesthesiolo-
gists are still high. In the event of a medical incident or complica-
tions caused by anesthesia, if an appropriate response is not pro-
vided, the consequences could be fatal. To promote anesthesia
services that prioritize patient safety, it is necessary to improve
public awareness of the importance of specialists, regularly inves-
tigate patient safety related to anesthesia, and implement legal and
medical fee systems. Finally, it is important to establish a health-
care system that can provide safe and satisfactory anesthesia to

patients.
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