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BACKGROUND: Transbronchial needle aspiration using endobronchial ultrasonography (EBUS-
TBNA), a new minimally invasive diagnostic procedure, has been used to evaluate intrathoracic
lymph nodes. It has been reported that EBUS-TBNA can be performed safely under sedation and
provides a high level of patient satisfaction. We aimed to describe perianesthetic data, and compare
results regarding the agents of subjects undergoing EBUS-TBNA under deep sedation. METHODS:
After ethics committee approval, perianesthetic data of 571 subjects undergoing EBUS-TBNA were
analyzed retrospectively. Data were collected from anesthesia evaluation and observation forms.
Four groups received anesthesia in the operating room as follows: propofol-midazolam (group PM),
propofol-ketamine (group PK), propofol-ketamine-midazolam (group PKM), or propofol (group P).
Dosage, number of anesthetic injection, hemodynamic variables, recovery time, complications, and
patient satisfaction were also recorded. RESULTS: Propofol consumption was higher in groups P
and PM compared with groups PK and PKM. Midazolam requirement was higher in group PM
than in group PKM. Recovery time was shorter in group P compared with groups PK, PM, and
PKM. It was also shorter in groups PK and PM compared with group PKM. All of these differences
were statistically significant. Temporary desaturation (n � 41; 7%) and increased blood pressure
(n � 78; 14%) were predominant complications. In groups PK and PKM, risk of developing hy-
pertension was higher than in groups PM and P (P < .001). The percentage of subjects satisfied with
the procedure was 99%. CONCLUSIONS: Independent from the sedative agent, deep sedation can
be safe, and provide high patient satisfaction during EBUS-TBNA. The combination of ketamine
with propofol or midazolam required lower doses of these anesthetics. However, the incidence of
increased blood pressure was higher in groups administered ketamine. Recovery time was the
shortest in group P, and the longest in group PKM. There was no relation between recovery time
and total dose of anesthetics or presence of chronic disease. Key words: endobronchial ultrasound-
guided transbronchial needle aspiration; sedation; propofol; ketamine; midazolam. [Respir Care
0;60(0):1–•. © 0 Daedalus Enterprises]

Introduction

Endobronchial ultrasonography (EBUS) is a broncho-
scopic method developed to image structures on the air-

way walls or neighboring airways. There are 2 types of
EBUS: radial EBUS and linear EBUS (convex probe
EBUS). Whereas convex probe EBUS provides same-
time sampling, sequential sampling is made with radial
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EBUS. Both techniques increase the diagnostic value of
blind transbronchial needle aspiration (TBNA).1 Medias-
tinoscopy is the accepted standard for invasive mediastinal
staging for lung cancer. However, mediastinoscopy re-
quires general anesthesia because it is an invasive method.2

EBUS is minimally invasive, and it can be performed as an
out-patient procedure using local anesthesia and conscious
sedation. Sampling can be made through lymph node sta-
tions. The most frequent indications for EBUS are diag-
nosis and staging of lung cancer and diagnosis of medi-
astinal lesions. Systemic reviews and meta-analysis showed
that EBUS is a safe, sensitive, and specific procedure.
Yasufuku et al3 compared 2 techniques, EBUS-TBNA
and mediastinoscopy, for mediastinal staging in patients
with resectable, small cell lung cancer and found that both
techniques are 100% specific and have 100% positive pre-
dictivity value. For mediastinal lymph node staging, the
values for sensitivity, negative predictivity value, and di-
agnostic accuracy for EBUS-TBNA and mediastinoscopy
were 81%, 91%, 93%, and 79%, 90%, and 93%, respec-
tively. Results of a meta-analysis that includes 1,299 pa-
tients from 11 studies that used EBUS for mediastinal
staging showed that sensitivity was 93% (range 91–94%)
and specificity was 100%.4

It has been proposed that EBUS-TBNA can be per-
formed safely with high patient satisfaction under con-
scious sedation. In one study, which used midazolam, fen-
tanyl, and/or propofol, high patient satisfaction was found
independent from the sedation protocol.5 Benzodiazepines,
propofol, opioids, and ketamine are used by themselves or
in a combination for sedation for bronchoscopic proce-
dures.6-8 However, the opioid-benzodiazepine combination
has a long-lasting effect and causes respiratory depression,
as well as prolonged sedation.9 Propofol, a sedative and
hypnotic, has a fast-acting effect and short recovery time,
but it also has disadvantages like cardiovascular and re-
spiratory depression.10,11 Ketamine, a dissociative, seda-
tive, analgesic, and amnesic agent, has been suggested as
an optimal agent especially for bronchoscopic sedation
because of its high cardiac and respiratory profile.8 How-
ever, ketamine has some side effects, such as increased
secretion, vomiting, and nausea, as well as prolonged ef-
fect.9 For all these reasons, an ideal sedative agent or
combination for bronchoscopic procedures in particular
has not yet been suggested.

Although studies investigating the ketamine-propofol
combination for sedation for emergency room procedures
are common,12-15 to our knowledge, studies investigating
sedative agents (especially ketamine-propofol combina-
tion) for EBUS are limited. This combination is preferred,
as the agents have opposite respiratory and hemodynamic
effects.13 Recently, in a prospective trial including 60 sub-
jects undergoing EBUS-TBNA, Dal et al16 concluded that

ketamine’s combination with either midazolam or propo-
fol provided good levels of satisfaction for the subjects
and the bronchoscopist without remarkable side effects.

In this retrospective study, we aimed to identify demo-
graphic, clinical, hemodynamic, and respiratory data along
with sedative doses, procedure duration, and complica-
tions in subjects undergoing EBUS-TBNA under sedation.
We also sought to compare all data with respect to seda-
tion groups.

Methods

After approval by the institutional ethics committee,
data were collected retrospectively. We analyzed the peri-
anesthetic data for 571 sedated subjects who underwent
EBUS-TBNA for diagnosis and staging in a 13-month
period. Data were collected from the forms that were filled
during the preanesthetic evaluation, during anesthesia, and
during the postanesthetic observation.

Previously recorded demographic features, results of pul-
monary function tests (PFTs), presence of any chronic
disease (diabetes mellitus, hypertension, coronary artery
disease, COPD, asthma, or tuberculosis), and physical sta-
tus according to the American Society of Anesthesiolo-
gists (ASA) were evaluated. Moreover, duration of EBUS-
TBNA, sedation agent and dosages, number of repeated
injections, recovery time, patient satisfaction score, and
complications (bleeding, pneumothorax, increased or de-
creased blood pressure, bradycardia, desaturation, and al-
lergy) were also assessed.

QUICK LOOK

Current knowledge

Transbronchial needle aspiration using endobronchial
ultrasonography, a minimally invasive diagnostic pro-
cedure, has been used to evaluate intrathoracic lymph
nodes. It has been reported that this technique can be
performed safely under sedation and provides a high
level of patient satisfaction.

What this paper contributes to our knowledge

Independent from the sedative agent, deep sedation pro-
vided a high level of patient satisfaction, hemodynamic
and respiratory stability, and faster recovery time in
subjects undergoing transbronchial needle aspiration.
There was no relationship between the presence of com-
plications and age, presence of comorbidities, proce-
dure time, and the number of sedatives delivered. The
incidence of developing high blood pressure was higher
in groups receiving ketamine.
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Before sedation (baseline values), after induction (first
measurement), after the fiberoptic bronchoscope passed
the vocal cords (second measurement), and every 3 min
during the procedure, systolic arterial pressure, diastolic
arterial pressure, mean arterial pressure, heart rate (HR),
and SpO2

were recorded. Patient satisfaction was scored
using the following question: “Would you undergo an-
other EBUS-TBNA under sedation?” Answers were scored
as follows: “absolutely no” (score 1); “no, I wouldn’t (score
2); “I am in doubt” (score 3); “yes, I would” (score 4);
“absolutely yes” (score 5) 4 h after completion of proce-
dure.

Electrocardiogram, blood pressures, and SpO2
were mon-

itored in the operating room. An intravenous catheter was
inserted for saline infusion and injections. During the pro-
cedure, 4 L/min oxygen was given via a nasal cannula.
There were 4 groups: propofol-midazolam (group PM),
propofol-ketamine (group PK), propofol-ketamine-
midazolam (group PKM), and propofol only (group P). A
sedation protocol accepted by our department for EBUS
patients had been applied under the supervision of special-
ists using the following agents: propofol (Fresenius Kabi
AB, Uppsala, Sweden), ketamine (Ketalar, Pfizer, Zentiva,
Lüleburgaz, Turkey), or/and midazolam (Demizolam,
Dem, Turkey).

Sedation level had been adjusted to a Ramsay Sedation
Scale score of 4–5 in all subjects. At level 4, the subject is
sleeping, but he/she responds quickly to light physical
stimulation or voice; at level 5, the subject is sleeping, but
he/she responds slowly to light physical stimulation or
voice.17 After adequate sedation was provided, a fiberoptic
bronchoscope was allowed to pass the vocal cords. During
the procedure, if the Ramsay Sedation Scale score was
under 4, the anesthetic agent was repeated. Lidocaine (2%)
was sprayed to the airways during bronchoscopy. Biopsies
were taken by evaluating bronchoscopic observation. All
of the EBUS-TBNA procedures were performed by the
same bronchoscopy team. At the end of the procedure,
recovery time was established as the time between the
removal of bronchoscope from the vocal cords and the
achievement of a modified Aldrete score of 918 in the
recovery room, at which point subjects were sent to
the ward. If SpO2

was � 90% for � 1 min during sedation,
it was recorded as desaturation, and oxygen was increased
to 6 L/min. Any need for mask ventilation or endotracheal
intubation (within 24 h after bronchoscopy) was noted. In
case of HR � 50 beats/min and atropine injection, brady-
cardia was written down. A 20% increase or decrease in
systolic arterial pressure compared with baseline values
and nitroglycerine or ephedrine was recorded as high blood
pressure or low blood pressure, respectively. Steroids and
antihistamines were administered if an allergic reaction
developed during sedation.

Statistical Analysis

All data were analyzed using SPSS 11.5 (SPSS, Chi-
cago, Illinois). To determine whether variables were nor-
mally distributed, we used the Kolmogorov-Smirnov test,
and to determine homogeneity of variance, we used the
Levene test. Variable data were shown as mean � SD or
as median, and categorized data were expressed as number
and percent. We used the Student t test to compare 2
groups and one-way variance analysis to compare more
than 2 groups. When we compared median values, the
Kruskal-Wallis test was used for 2-group comparison and
a Mann-Whitney U test was used for comparison of � 2
groups. According to one-way variance analysis and
Kruskal-Wallis test results, the Tukey honest significant
difference test or Conover non-parametric multiple com-
parison tests were used post hoc to determine the groups
causing statistical difference. Categorized variances were
analyzed using a Pearson chi-square or Fisher exact chi-
square. To determine statistically meaningful correlation
among variables, we used the Spearman correlation test.

Effects of absolute and possible risk factors on devel-
opment of complications were analyzed using multiple
variable logistic regression analysis. For single-variable
analysis, variables for which P � .10 were included in
regression analysis as possible risk factors. In addition,
odds ratio and 95% CI were calculated for every variable.

P � .05 was accepted as statistically significant. How-
ever, to prevent a type 1 error, the Bonferroni correction
was applied for multiple comparisons.

Results

Table 1 summarizes demographic features, ASA clas-
sification, presence of underlying disease, pulmonary func-
tion tests, complications, duration of EBUS procedure,
recovery time, and patient satisfaction scores. Before the
procedure, the mean value of FEV1 was 77.9 � 20.02%,
FVC was 80.22 � 19.29%, and FEV1/FVC was
79.23 � 8.58%. Mean duration of EBUS-TBNA and re-
covery were 16.19 � 5.1 min and 15.67 � 3.77 min,
respectively. Answers for the question “Would you have
another EBUS-TBNA procedure under sedation?” were as
follows: 457 subjects (80%) answered as “absolutely yes”;
108 subjects (19%) answered as “yes, I would”; 2 subjects
(� 1%) answered as “I am in doubt”; 2 (� 1%) subjects
answered as “no, I wouldn’t”; and 2 subjects (� 1%) an-
swered as “absolutely no.”

Table 2 shows detailed demographic and clinical data
for each anesthetic group. There were significant statistical
differences among groups regarding average age, gender,
ASA classification, underlying diseases (such as diabetes
mellitus, hypertension, and coronary artery disease), re-
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covery time, and patient satisfaction (P � .05). To deter-
mine the cause of statistical difference for these parame-
ters, binary comparisons among groups were performed,
and average age was significantly lower in groups PK and
PKM than in group P (P � .006, P � .031). Group PK had
statistically more male subjects than in group PKM. ASA
III subjects in group PK (38%) were statistically lower
than in group P (63%) and group PM (56%) (P � .004,
P � .002). Underlying disease was significantly less fre-
quent in group PK compared with groups P and PM. The
frequency of diabetes mellitus was less in group PK than
in other groups. The percentage of hypertension in group
PK was significantly lower than in groups P and PM, and
this value in group PKM was also less than in group P. The
frequency of coronary artery disease in groups PK and
PKM was statistically lower than in group PM.

Recovery time was 13.42 � 2.94 min in group P, and it
was significantly lower than in groups PK (15.46 �
3.52 min), PM (15.91 � 3.81 min), and PKM (17.05
� 3.96 min). Recovery times in groups PK and PM were
statistically shorter than in group PKM. Times were sim-
ilar in groups PK and PM (P � .05). There was statisti-
cally significant inverse correlation between recovery time
and age (r � �0.097 and P � .02), and direct correlation
among EBUS-TBNA time (r � 0.103 and P � .01), be-
ginning mean arterial pressure (r � 0.085 and P � .043),
and beginning HR (r � 0.094 and P � .03). There was no

correlation between recovery time and gender, ASA clas-
sification, PFTs, total anesthetic doses, and presence of
comorbidity (P � .05).

The percentage of subjects who answered “yes, I would
absolutely have another EBUS-TBNA under sedation” was
72% in group PKM and 86% in group PM. Although the
percentage of subjects who answered “yes, I would” was
23% in group PKM, it was 14% in group PM. This dif-
ference was statistically meaningful; however, it was not
in clinical practice. Patient satisfaction rates according to
groups are shown in Figure 1. Other demographic and
clinical features were similar among groups (P � .05).

The mean propofol dose used in induction was 41.05 �
14.87 mg in group PM, 26.47 � 9.61 mg in group PK,
24.08 � 8.22 mg in group PKM, and 47.08 � 13.41 mg in
group P. Total doses of agents and the number of intrave-
nous injections for every group are displayed in Table 3.
To determine the origin of statistical difference for total
propofol and midazolam, binary comparisons were per-
formed. Total propofol dosage was statistically higher in
groups P (108.67 � 54.89 mg) and PM (98.14 � 60.35 mg)
than in groups PK (56.18 � 28.13 mg) and PKM
(55.92 � 29.69 mg). The higher midazolam dose in group
PM (2.33 � 1.14 mg) was statistically significantly com-
pared to group PKM (2 � 0.84 mg) (P � .001). Average
number of anesthetic injections was 2.42 � 1.43 for all
subjects.

Table 4 exhibits hemodynamic and SpO2
values for ev-

ery group. There was significant difference among groups
for systolic arterial pressure, diastolic arterial pressure,
and mean arterial pressure values on the second, third,
fourth, and fifth measurements taken at the beginning and
continuation of the bronchoscopy (P � .001). To deter-
mine the origin of statistical difference, binary group com-
parisons were made. The second measurement of systolic
arterial pressure was higher in group PKM than in group P.
The third measurement of systolic arterial pressure was
also higher in group PK than in group P. The fourth and
fifth measurements of systolic arterial pressure were sim-
ilar in groups PK and PKM, as well as higher than in
groups P and PM. The second measurement of diastolic
arterial pressure was higher in group PKM than in group
PM. The third, fourth, and fifth measurements of diastolic
arterial pressure and mean arterial pressure were similar in
groups PK and PKM, and they were higher than in group
PM. The second measurement of mean arterial pressure
was higher in group PKM than in groups P and PM.

A total of 118 (21%) subjects suffered from at least one
complication during the procedure. Table 5 presents the
complications defined in all groups. Some subjects had
more than one complication. There was no correlation
between occurrence of complication and age, ASA clas-
sification, PFTs, comorbidity, EBUS-TBNA duration, and
the number of anesthetic injections (P � .05). There was

Table 1. Description of Demographic and Clinical Features of the
Subjects

Variables

Subjects (N) 571
Age (y) 55.7 � 13.5
Gender, n (%)

Male 386 (68)
Female 185 (32)

Body weight (kg) 74.5 � 14.1
Body mass index (kg/m2) 26.6 � 5.0
ASA classification 2 (1–4)

I, n (%) 28 (5)
II, n (%) 263 (46)
III, n (%) 272 (48)
IV, n (%) 8 (1)

Comorbidity 386 (68)
FEV1 % 80 (23–169)
FVC % 80 (22–147)
FEV1/FVC % 79 (47–101)
Complication, n (%) 118 (21)
Duration of EBUS (min) 15 (10–35)
Recovery time (min) 16 (9–29)
Patient satisfaction score 5 (1–5)

Data are given as mean � SD, n (%), or median (range).
ASA � American Society of Anesthesiology
EBUS � endobronchial ultrasonography
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a 4.923-fold increase in the possibility of complications in
group PK (95% CI 1.653–14.659, P � .004) and 3.497-
fold increase in group PKM (95% CI 1.032–11.853,
P � .044) compared with group P.

There were statistically more complications in group
PK compared with group PM (P � .05). We found sig-
nificant differences between groups regarding increased
blood pressures (P � .001). High blood pressure was
more frequent in groups PK and PKM than in group PM
(P � .05). One subject who developed a pneumothorax
during EBUS-TBNA was admitted to the ICU with de-
saturation. A chest tube was placed uneventfully after en-
dotracheal intubation. Another subject with mediastinal
fibrosis was intubated because of bleeding due to EBUS-
TBNA. Although one subject (in group PM) developed
desaturation and was ventilated with a face mask, 4 sub-
jects (2 in group PM, and 2 in group PKM) required en-
dotracheal intubation. Only one with a pneumothorax
needed mechanical ventilation.

The majority of subjects with high blood pressure as a
complication were female (P � .02). The subjects with
elevated blood pressure had statistically higher baseline
arterial pressures (P � .001). In addition, subjects who had
previously diagnosed hypertension had a higher risk of
developing high blood pressure during the procedure (odds
ratio 1.883, 95% CI 1.049–3.381, and P � .034).

Groups PK and PKM had a higher risk of developing
high blood pressure compared with groups PM and P
(P � .001). According to the multiple variable regression
analysis, baseline systolic arterial pressure level was the
most significant factor associated with developing high
blood pressure (P � .001). Probability of developing high
blood pressure was 4.602 times higher in group PK than in
group P (95% CI 1.547–13.693, P � .006).

Subjects with desaturation were mainly female
(P � .048). Baseline FEV1, FVC, and FEV1/FVC values
were statistically lower in subjects with desaturation
(P � .05). Their mean PFT results were as follows:

Table 2. Distribution of Demographic and Clinical Data According to Groups

Variables
Group PM
(n � 174)

Group PK
(n � 234)

Group PKM
(n � 103)

Group P
(n � 60)

P

Age (y) 57.2 � 12.6 53.9 � 13.9* 54.3 � 13.8† 60.3 � 12.5*† .002
Gender, n (%) .048

Male 110 (63) 169 (72)‡ 62 (60)‡ 45 (75)
Female 64 (37) 65 (28)‡ 41 (40)‡ 15 (25)

Body weight (kg) 75.2 � 14.0 74.1 � 13.6 73.7 � 12.7 75.4 � 18.0 .78
Body mass index (kg/m2) 26.7 � 4.7 26.3 � 4.9 26.9 � 4.8 27.2 � 6.1 .64
ASA classification 3 (1–4)§ 2 (1–4)*§ 2 (1–4) 3 (1–3)* � .001
Comorbidity, n (%) 127 (73)§ 140 (60)*§ 70 (68) 49 (82)* .003

DM 34 (20)§ 26 (11)*‡§ 21 (20)‡ 16 (27)* .01
Hypertension 61 (35)§ 49 (21)*§ 30 (29)† 27 (45.0)*† � .001
CAD 40 (23)§� 17 (7)§ 12 (12)� 7 (12) � .001
COPD 17 (10) 27 (12) 6 (6) 4 (7) .34
Asthma 9 (5) 14 (6.0) 10 (10) 1 (2) .19
Tuberculosis 4 (2) 6 (3) 3 (3) 1 (2) .96

FEV1 % 78.5 (23–142) 82 (27–169) 80 (29–120) 80 (27–130) .50
FVC % 78.5 (22–133) 83 (25–147) 79 (31–126) 79 (33–147) .09
FEV1/FVC % 80 (53–100) 79 (47–101) 78 (62–96) 79 (56–99) .56
Duration of EBUS (min) 15 (10–30) 15 (10–35) 15 (10–35) 15 (10–35) .12
Recovery time (min) 16 (9–25)�¶ 16 (9–28)*‡ 17 (10–29)†‡� 13 (9–21)*†¶ � .001
Patient satisfaction score 5 (4–5)� 5 (2–5) 5 (1–5)� 5 (4–5) .03

Data are given as mean � SD, n (%), or median (range). Percentage totals may differ from 100% because of rounding.
* Statistically significant difference between group PK and group P (P � .01).
† Statistically significant difference between group PKM and group P (P � .05).
‡ Statistically significant difference between group PK and group PKM (P � .05).
§ Statistically significant difference between group PM and group PK (P � .05).
� Statistically significant difference between group PM and group PKM (P � .05).
¶ Statistically significant difference between group PM and group P (P � .001).
Group PM � propofol-midazolam
Group PK � propofol-ketamine
Group PKM � propofol-ketamine-midazolam
Group P � propofol
ASA � American Society of Anesthesiology
DM � diabetes mellitus
CAD � coronary artery disease
EBUS � endobronchial ultrasonography
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FEV1 of 68.81 � 18.83%, FVC of 72.56 � 18.64%, and
FEV1/FVC of 75.97 � 5.81. Beginning SpO2

was also
lower in subjects with desaturation (94.56 � 2.57%)
compared with all subjects (96.29 � 2.25%) (P � .001).
Logistic regression analysis showed that only baseline SpO2

was associated with developing desaturation (odds ratio
0.719, 95% CI 0.597–0.865, P � .01).

Discussion

Our results show that propofol by itself or in combina-
tion with midazolam and/or ketamine provides high pa-
tient satisfaction, hemodynamic and respiratory stability,

fast recovery, and effective as well as safe sedation for
EBUS-TBNA. We observed that using a combination with
ketamine decreases the requirement for propofol and mida-
zolam. Development of high blood pressure during the
procedure was higher in groups with ketamine. Recovery
time was the lowest in group P and the highest in group
PKM.

EBUS-TBNA is a very safe and highly recommended
procedure to diagnose malignant or non-malignant medi-
astinal and hilar lymphadenopathy.19 Studies have shown
that EBUS-TBNA requires more sedation than TBNA.19,20

Yarmus et al21 reported that diagnostic success and the

Fig. 1. Flow chart. EBUS-TBNA � endobronchial ultrasound-guided transbronchial needle aspiration; group PM � propofol-midazolam;
group PK � propofol-ketamine; group PKM � propofol-ketamine-midazolam; group P � propofol.

Table 3. Medication Requirements in the Groups

Variables
Group PM
(n � 174)

Group PK
(n � 234)

Group PKM
(n � 103)

Group P
(n � 60)

P

Total profopol (mg) 87.5 (20–400)*† 50 (15–220)*‡ 50 (15–190)†§ 100 (30–250)‡§ � .001
Total ketamine (mg) NA 50 (10–135) 40 (10–120) NA .13
Total midazolam (mg) 2 (1–10)� NA 2 (1–5) NA � .001
Count of agent repetition 2 (1–9) 2 (1–8) 2 (1–8) 2.5 (1–8) .17

Data are given as median (range).
* Statistically significant difference between group PM and group PK (P � .001).
† Statistically significant difference between group PM and group PKM (P � .001).
‡ Statistically significant difference between group PK and group P (P � .001).
§ Statistically significant difference between group PKM and group P (P � .01).
� Statistically significant difference between group PM and group P (P � .001).
Group PM � propofol-midazolam
Group PK � propofol-ketamine
Group PKM � propofol-ketamine-midazolam
Group P � propofol
NA � not applicable
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Table 4. Hemodynamic Data and SpO2
Measurements in the Groups

Variables
Group PM
(n � 174)

Group PK
(n � 234)

Group PKM
(n � 103)

Group P
(n � 60)

P*

Mean arterial pressure (mm Hg)

Baseline values 91.7 � 12.7 91.5 � 12.0 94.5 � 12.0 91.5 � 12.9 .19

First measurement 92.9 � 14.2 92.8 � 12.6 95.4 � 10.8 89.4 � 13.1 .067

Second measurement 91.8 � 15.9� 95.8 � 14.1 98.6 � 12.5†� 90.1 � 14.3† � .001

Third measurement 90.9 � 15.6§� 97.1 � 14.2§ 97.7 � 14.5� 90.3 � 14.9 � .001

Fourth measurement 90.0 � 15.8§� 97.3 � 13.5§ 98.5 � 13.2� 90.5 � 14.6 � .001

Fifth measurement 89.5 � 15.5§� 97.1 � 12.9§ 97.8 � 11.9� 90.7 � 15.5 � .001

HR (beats/min)

Baseline values 82.7 � 13.6 83.9 � 12.2 86.4 � 12.8 82.0 � 13.7 .10

First measurement 84.3 � 14.1 86.0 � 13.1 88.2 � 12.4 83.5 � 12.5 .11

Second measurement 85.3 � 14.5 86.9 � 13.1 89.5 � 12.5 84.9 � 13.0 .10

Third measurement 86.2 � 13.7 87.4 � 13.7 90.0 � 13.0 85.0 � 11.8 .12

Fourth measurement 86.3 � 14.0 88.0 � 13.9 90.4 � 13.4 84.6 � 12.2 .057

Fifth measurement 86.3 � 13.5 88.6 � 13.7 91.3 � 13.0 84.7 � 11.5 .01

SpO2
(%)

Baseline values 95.7 � 2.7§� 96.5 � 2.0§ 96.7 � 1.9� 96.4 � 1.9 .003

First measurement 96.2 � 2.6 96.5 � 2.3 96.0 � 6.0 95.9 � 2.2 .51

Second measurement 95.9 � 3.1 96.1 � 2.7 95.9 � 4.3 95.4 � 2.6 .68

Third measurement 95.5 � 3.1 95.8 � 3.0 96.4 � 2.3 95.6 � 2.2 .17

Fourth measurement 95.2 � 4.0 95.9 � 3.2 96.3 � 2.2 95.6 � 2.7 .13

Fifth measurement 95.6 � 3.2 96.2 � 3.3 96.4 � 2.1 95.9 � 2.8 .28

Data are given as mean � SD.
* Results were statistically significant with Bonferroni correction (P � .008).
† Statistically significant difference between group PKM and group P (P � .008).
§ Statistically significant difference between group PM and group PK (P � .008).
� Statistically significant difference between group PM and group PKM (P � .008).
Group PM � propofol-midazolam
Group PK � propofol-ketamine
Group PKM � propofol-ketamine-midazolam
Group P � propofol
HR � heart rate

Table 5. Summary of Intraprocedural Complications in the Groups

Variables
Group PM
(n � 174)

Group PK
(n � 234)

Group PKM
(n � 103)

Group P
(n � 60)

P

Complication 26 (15)* 59 (25)* 24 (23) 9 (15) .045

Bleeding NA 1 (1) NA NA NA

Pneumothorax 1 (0.6) NA NA NA NA

High blood pressure 10 (6)*† 45 (19)* 17 (17)† 6 (10) � .001

Low blood pressure NA NA 1 (1) NA NA

Bradycardia 1 (1) NA 1 (1) NA NA

Allergy 1 (1) 5 (2) NA NA .12

Desaturation 20 (12) 12 (5) 6 (6) 3 (5) .07

Data are given as n (%). Percentage totals may differ from 100% because of rounding.
* Statistically significant difference between group PM and group PK (P � .05).
† Statistically significant difference between group PM and group PKM (P � .004).
Group PM � propofol-midazolam
Group PK � propofol-ketamine
Group PKM � propofol-ketamine-midazolam
Group P � propofol
NA � not applicable
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number of sampled lymph nodes of EBUS-TBNA were
higher in subjects undergoing deep sedation.

A deep sedation is required to facilitate the passage of
the vocal cords and to inhibit airway protective reflexes
for a smooth bronchoscopy. When a bronchoscope ob-
structs the airway, it will cause ventilation difficulty and
affect both oxygenation and ventilation negatively. Fur-
thermore, sedation depresses respiratory drive and can con-
tribute to disruption of oxygenation and ventilation.9

We applied deep sedation using safe and short-acting
agents in subjects, thereby protecting spontaneous breath-
ing. Although beginning SpO2

was different among the
groups, it wasn’t clinically meaningful. SpO2

measurements
during EBUS-TBNA showed adequate oxygenation. Es-
pecially when propofol is combined with opioids, the dos-
age of propofol may be limited due to respiratory depres-
sion and hypotension.5,7,8 It was reported that ketamine
can be used safely and effectively to avoid these problems
in children during fiberoptic bronchoscopy.8 However, ket-
amine use is limited due to nausea, agitation during re-
covery, and longer recovery time.22 Ketofol (1:1 combi-
nation of propofol and ketamine) allows usage of lower
doses of each agent and fewer side effects.23

Studies evaluating the use of ketamine-propofol com-
bination for interventional procedures in emergency
rooms12-15 or in other departments24-26 are common. It was
reported that this combination can be used in painful pro-
cedures, providing adequate sedation and analgesia.12,13

Nejati et al12 concluded that the combination of ketamine-
propofol causes less oxygen desaturation and deeper se-
dation and analgesia compared with the combination of
midazolam-fentanyl for painful emergency procedures. In
addition, they reported that it is essential to provide proper
monitoring and cardiopulmonary support as in all sedation
and analgesia protocols to avoid adverse events. Ketofol
provided shorter recovery time without side effect and
more stable hemodynamics than ketamine for anesthesia
in electroconvulsive treatment.15 Andolfatto et al14 reported
that ketofol did not reduce respiratory side effects com-
pared with propofol alone. Although ketofol and propofol
had similar efficacy and acting times, ketofol provided
more balanced deep sedation in that study.14 In a retro-
spective study including 979 subjects, the administration
frequency of 2 or more sedative agents in combination was
93% in the emergency room.27 This percentage was found
to be 90% in our study.

In the present study, predominant complications were
increase in blood pressure (14%) and desaturation (7%).
However, they were temporary and responsive to treat-
ment. The rate of these complications was higher in
females. Transbronchial biopsy is associated with an in-
creased risk of pneumothorax compared with EBUS-
TBNA.28 EBUS-TBNA procedures were performed with-
out transbronchial biopsy in our center. Pneumothorax and

bleeding, rare and major complications of EBUS-TBNA,
were found in only one subject for each.

In a trial by Campbell et al,27 it was suggested that
sedation- and analgesia-related adverse effects were rare
in emergency departments, and the incidence of desatura-
tion was 1%.

In another study, it was reported that desaturation was
an infrequent complication of deep sedation during endo-
scopic procedures, and the incidence was 4%.29 A slight
increase in desaturation incidence may be due to interven-
tional bronchoscopy under deep sedation in our research.

Five subjects with desaturation, requiring mask ventila-
tion or endotracheal intubation, were in groups that were
administered midazolam. The PFT and baseline SpO2

level
were lower in subjects who developed desaturation. Base-
line SpO2

level was found as the sole factor for the devel-
opment of desaturation.

In a study comparing propofol-ketamine to alfentanyl-
propofol sedation, systolic arterial pressure and HR in-
creased during the procedure in both groups compared
with values immediately before starting fiberoptic bron-
choscopy.7 Here, baseline hemodynamic measurements
were similar and normal in all groups. Beginning from the
second measurement, obtained following the passage of
the bronchoscope through vocal cords, blood pressures
were higher throughout the procedure in groups with ket-
amine. Baseline systolic arterial pressure was the most
significant factor associated with the development of high
blood pressure during the procedure. The incidence of
high blood pressure also increased during the procedure in
subjects with hypertension. The occurrence of high blood
pressure was approximately 5 times higher in group PK
compared with group P. Likelihood of high blood pressure
development was higher in groups with ketamine. This
increase might also be due to decreased propofol con-
sumption in these groups.

El Chafic et al29 reported that a decrease in systolic
arterial pressure during sedation for endoscopy was more
common in male patients, as well as in patients who re-
ceived midazolam and fentanyl. Campbell et al27 observed
that the combination of propofol-fentanyl mostly in males
and combination of midazolam-fentanyl mostly in females
were used. They also found that the midazolam-fentanyl
combination was used more in patients over 65 y of age.
In our study, we determined that the number of male
subjects was higher in the propofol-ketamine group than
in the propofol-ketamine-midazolam group. Further-
more, in groups receiving ketamine, the average age, per-
centage of ASA III subjects, and incidence of hyperten-
sion and coronary artery disease were lower than other
groups. We observed that preference of sedative agents
and combinations could depend on gender, age, physical
status, and comorbidity.
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It was reported that infusion of propofol-ketamine com-
bination resulted in longer recovery time (42.9 � 18.7 min)
compared with propofol-remifentanil combination during
deep sedation for dental procedures.30 In our study, shorter
recovery times might be due to intermittent and titrated
bolus injection of sedative agents. Recovery time was the
fastest in the propofol-only group, whereas it was the lon-
gest in the propofol-midazolam-ketamine group. In addi-
tion, it was similar in 2-agent combinations.

Whereas there was an inverse relation between recovery
time and age, higher duration of EBUS-TBNA, baseline
mean arterial pressure, and HR increased the recovery
time in our study. Because there was no significant rela-
tionship between recovery time and total agent consump-
tion, this interaction might be related to discrepancy of
anesthetic distribution.

Using a mean of 28 mg of propofol, Hwang et al7 pro-
vided sufficient sedation levels for fiberoptic bronchos-
copy in a propofol-ketamine group. Similarly, we used
approximately 25 mg of propofol during induction when
we combined the drug with ketamine. Presence of ket-
amine in combinations decreased total propofol consump-
tion by approximately 50% (mean 55 mg). We observed
that total doses in our groups P and PK were similar to
ones in studies reported by Andolfotto et al14 and Yalcin
et al15 Presence of ketamine in our combinations also re-
duced midazolam doses. Although the propofol dose in
combinations was lower, we observed that both propofol
by itself and propofol in combination with midazolam
and/or ketamine provided similar and safe deep sedation
for EBUS-TBNA. This observation may be supported by
the comparable number of injections in these groups.

Patient satisfaction was quite high following an EBUS-
TBNA procedure under sedation among bronchoscopic pro-
cedures.19 In our study, the percentage of subjects who
indicated that they would have another EBUS-TBNA pro-
cedure under sedation was 100% in group PM, � 99% in
group PK, 95% in group PKM, and 100% in group P. This
percentage was reported as 98% in the study performed by
Steinfort et al.5 In that report, satisfaction was also deter-
mined by subject’s willingness to return for the procedure
in the future. They used the 5-point Likert scale to assess
tolerance of EBUS.5 A similar 5-point scale has been pre-
viously used to evaluate tolerance of bronchoscopy.31 We
thought that high patient satisfaction might be related to
deep sedation.

It was thought that unwanted respiratory side effects
were more frequent during repeated bolus injections.9 How-
ever, we think that if the anesthetic agent is administered
as bolus injections during EBUS, respiratory side effects
can be reduced by close hemodynamic monitoring and
careful dose titration. Despite the fact that coughing is
frequent during EBUS-TBNA, we didn’t encounter cough-

ing that necessitated termination of the procedure in our
study.

Previously, it has been shown that transcutaneous PCO2

is an important value that should be used in the assessment
of various sedation agents during bronchoscopy.32 Absence
of transcutaneous PCO2

monitoring during the procedure is
considered as the limitation of the current report. In the
present sedated subjects, bispectral index monitoring was
not used to measure depth of sedation. Instead, sedation
depth was assessed qualitatively. Recently, Fruchter et al33

proposed that bispectral index monitoring during propofol
sedation in procedures with a short duration does not result
in a safer level of sedation; therefore, its routine use should
not be considered.

A previous prospective multicenter study suggested that
escalations in level of care were more likely to be required
in older patients, in-patients, and patients who received
deep sedation or general anesthesia when complications
occurred.28 We think that experienced medical staff is re-
quired during deep sedation for EBUS-TBNA to prevent
cardiopulmonary depression due to sedatives. Addition-
ally, the procedure should be performed in a department
that could provide immediate cardiopulmonary resuscita-
tion if necessary. Furthermore, operating room facilities
and additional personnel could be required during deep
sedation.

Conclusions

Independent from sedative agent, deep sedation, provid-
ing high level patient satisfaction, hemodynamic and re-
spiratory stability, and faster recovery time, was safe and
effective in subjects undergoing EBUS-TBNA. There was
no relationship between presence of complications and
age, ASA classification, PFTs, presence of comorbidities,
EBUS-TBNA time, and the number of sedative agent in-
jections during the procedure. Desaturation and increased
blood pressure were temporary, responsive to treatment,
and more frequent complications. The incidence of devel-
oping high blood pressure during the procedure was higher
in groups receiving ketamine. Presence of ketamine in
combination reduced the requirement for midazolam and
propofol. Recovery was the fastest in group P, and highest
in group PKM. There was no relation between recovery
time and gender, ASA classification, PFTs, total dose of
anesthetics, and presence of chronic disease.
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