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Background. Previously, effects of preoperative sedatives 
were assessed mainly with respect to preoperative outcomes 
such as anxiety and compliance. The purpose of this investiga- 
tion was to evaluate the effects of preoperative sedatives on 
postoperative psychological and cWical recovery. 

Methods: Patients undergoing general anesthesia and outpa- 
tient surgery were enrolled in a double-blind, randomized, pla- 
cebo-controlled trial. Subjects (n = 55) were randomly assigned 
to receive either 5 mg intramuscular midazolam (n = 26) or a 
placebo injection (n = 29) at least 30 min before surgery. The 
anesthetic technique was controlled. Postoperative anxiety, 
pain, analgesic consumption, clinical recovery parameters, and 
global health (SF-36) were evaluated up to 1 month after sur- 
gery. 

Results: Surgeiy length did not differ significantly between 
the treatment and placebo groups (118 ? 45 min us 129 & 53 
min; P = NS). Throughout the first postoperative week, subjects 
In the treatment group reported a greater reduction in postop- 
erative pain compared with subjects in the placebo group (F1,50 
= 3.5; P = 0.035). Moreover, at 1 week, ibuprofen use was 
reported by less subjects in the treatment group than in the 
placebo group (0% us 17.2%; P = 0.026). Subjects in the treat- 
ment group also reported a greater reduction in postoperative 
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anxiety throughout the follow-up period (F1,53 = 9.2; P = 0.04). 
However, global health indexes (SF-36) did not detect any sig- 
nificant differences between the two experimental groups 
(multivariate F1,45 = 0.44; P = 0.51). 

Conclusion: Subjects treated with midazolam preoperatively 
self-report improved postoperative psychological and pain re- 
covery. However, the clinical significance of these findings is 
unclear at the present time. (Key words: Anxiety; benzodiaz- 
epines; recovery; surgery.) 

A RECENT large-scale survey documented that up to 75% 
of anesthesiologists in the United States routinely admin- 
ister sedative premedication to healthy adult patients 
who undergo surgery. ' Previously, effects of sedatives 
such as midazolam were assessed mainly with respect to 
outcomes such as preoperative anxiety, amnesia, and 
compliance during induction of ane~thesia .~-~ However, 
it can be argued that these outcomes are, in fact, surro- 
gate outcomes and that investigators should concentrate 
more on the impact of preoperative anxiety and preop- 
erative sedatives on postoperative clinically relevant out- 
comes.6 Indeed, several recent investigations have fo- 
cused on the impact of preoperative sedatives and 
preoperative anxiety on outcomes such as intraoperative 
anesthetic requirements, postoperative patient satisfac- 
tion, postoperative nausea and vomiting, and postoper- 
ative behavioral recovery .'- ' 

Studies published in the Health-Psychology literature 
suggest that increased preoperative anxiety is associated 
with poor postoperative behavioral and clinical recov- 
ery.' ' - I 4  Furthermore, multiple reports indicate that pre- 
operative psychological interventions aimed at reduc- 
tion of preoperative anxiety may also result in improved 
postoperative behavioral and clinical recovery. ''jl * -17 

Several behavioral and psychobiological mechanisms are 
proposed for these findings. First, patients who are less 
anxious preoperatively are also likely to be less anxious 
postoperatively and self-report a better postoperative 
recovery p r o ~ e s s . ' ~ , ' ~  Obviously, this mechanism may 
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explain the findings of cohort studies but not random- 
ized controlled trials. Second, given that anxiety before 
surgery is associated with a stress hormone surge,"-*' if 
we decrease this preoperative surge, we may change the 
set-point of the entire perioperative neuroendocrine 
stress response, which may, in turn, result in an overall 
decrease in the neuroendocrine response. Because a 
decrease in the perioperative hormonal response is 
likely to result in decreased catabolic response and im- 
proved wound healing,*' one may expect an improved 
postoperative clinical course. Finally, it is possible that 
increased anxiety levels are associated with an increased 
risk for postoperative infections. This hypothesis is sup- 
ported by previous data that indicates that factors such 
as anxiety and pain can stimulate sympathetic vasocon- 
s t r i~t ion*~,*~ and therefore increase the risk for postop- 
erative infection.24 It is important to emphasize that 
none of the aforementioned explanations has been 
proven valid to date, and the mechanisms behind the 
studies published in the Health-Psychology literature 
remain unclear. 

It is well established that patients treated preopera- 
tively with midazolam exhibit lower levels of anxiety 
before surgery.25 Based on the studies in the Health- 
Psychology literature, one can hypothesize that the use 
of preoperative midazolam may also be associated with 
improvements in the postoperative psychological and/or 
clinical recovery process. The mechanism behind this 
phenomena may be similar to that described with the 
use of psychological interventions directed at reduction 
of preoperative anxiety. To test this hypothesis, we con- 
ducted a randomized placebo-controlled trial that evalu- 
ated the effects of preoperative midazolam on the post- 
operative recovery of outpatients undergoing anesthesia 
and surgery. 

Materials and Methods  

Study Design and Interventions 
The study population of this randomized, double- 

blind, placebo-controlled trial consisted of patients, men 
and women, aged 18 - 60 yr undergoing general anesthe- 
sia and outpatient surgical procedures such as tuba1 
ligation, tonsillectomy, and adenoidectomy (table 1). To 
avoid potential confounding variables, patients with 
American Society of Anesthesiologists physical status 
higher than 11, subjects with a history of an affective 
disorder, or patients taking any psychotropic medication 
were excluded from enrollment in this study. In addi- 

Table 1. Characteristics of the Two Studv Grouus 

Treatment Group Placebo Group 
(n = 26) (n = 29) 

Demographics 
Age (YV 
Race? 

White 
African American 
Other 

Gender7 
Male 
Female 

Previous surgeryt 
Medical procedurest 

Tuba1 ligation 
Diagnostic laparscopy 
ENT surgery 
Minor gynecologic surgery 
Other 

Length of surgery (min) 
Anesthetic or surgical 

Fentanyl dose (mcg/kg) 

Time to discharge (min) 
Adverse effectst 
Fentanyl (mcg) 
Zofran (mg) 
Percocet (mg) 
Morphine (mg) 

lntraoperative data 

complicationst 

PACU data 

34.6 t 9.2 

80.0 
8.0 

12.0 

20.0 
80.0 
47.6 

23.1 
26.9 
34.5 
15.4 
0.0 

118.1 (k45.2) 
0 

3.0 k 1.7 

140.3 t 37.8 
27 

58.3 2 25.8 
4.0 k 0.0 
1.5 k .53 
5.3 ? 1.9 

34.1 -+ 6.8 

75.9 
6.9 

17.2 

10.3 
89.7 
52.4 

24.1 
13.8 
34.5 
24.1 
3.4 

129.5 (t53.5) 
0 

2.7 2 1.9 

144.3 -+ 42.2 
23 

42.7 t 24.7 
4.0 2 0.0 
1.8 2 .40 
1.8 t 4.0 

* Mean 2 standard deviation. 
t Percentage. 
ENT = Ear, nose, and throat; PACU = postanesthesia care unit. 

tion, patients with any suspicion for malignancy or those 
undergoing plastic surgery procedures were not invited 
to participate in the study. The study protocol was ap- 
proved by the institutional review board, and written 
informed consent was obtained from all subjects. Eligi- 
ble patients (n = 55)  were randomly assigned to one of 
two study groups: (1) treatment group (n = 26): patients 
in this group were premedicated with intramuscular 
midazolam ( 5  mg) at least 30 min before the surgical 
procedure; or (2) placebo group (n = 29): patients in 
this group were given an intramuscular injection of nor- 
mal saline at least 30 min before the procedure. Random- 
ization was performed according to a computer-gener- 
ated list created from a random numbers table, Blinding 
and randomization were handled by Yale-New Haven 
Hospital's investigational pharmacy, and no other indi- 
viduals (e.g., anesthesiologists, surgeons, investigators) 
were informed of the particular treatment group to 
which a particular subject was assigned. 
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Outcome Measures cia1 functioning, and mental health. Standardized 
The main outcome of this study was the recovery of scores between 0 (poorest health) and 100 (maximal 

patients after surgery as assessed by behavioral and clin- health) are generated for each of the eight health 
ical measures. All perioperative data were obtained by a domains. This instrument is used widely in the med- 
single blinded research assistant. Detailed psychometric ical literature and is considered the gold standard for 
data for measures used in this study were reported pre- measurement quality of life.31 
viously by our study group and are available in the 

references provided below. Study Protocol 

Behavioral and Pain Domains. 

1. State Trait Anxiety Inventory (STAI).” The STAI is a 
40-item questionnaire that provides measures of trait 
(20 items) and state (20 items) anxiety, where higher 
scores indicate greater anxiety levels. 

2. McGill Pain Questionnaire.” Sensory and affective 
dimensions of pain were measured using the short- 
form McGill Pain Questionnaire, which consists of 15 
pain descriptors that are rated on a four-point severity 
scale from 0 (none) to 3 (severe). 

The VAS consisted of a 
horizontal 10-cm line between the phrases: “no pain 
at all” and “the worst pain I have ever felt” and 
required subjects to draw a mark anywhere on the 
line to indicate their current level of pain. 

4 .  Analgesic consumption. Analgesic consumption was 
measured by recording the analgesics administered to 
the study subjects. 

3. Visual Analogue Scale 

Clinical Recovery Domain. 

1. Clinical recovery. Postoperative parameters recorded 
included time to clear fluid intake, voiding, and dis- 
charge from the hospital. The incidence of postoper- 
ative complications, such as postoperative nausea and 
vomiting and postoperative infections, was noted as 
well. 

2. Global Health Questionnaire (GHQ).29 The GHQ is 
used to assess postoperative recovery. Items include 
sleep, appetite, strength and energy, self assistance, 
and movement. The subject rated every item on a 
six-point Likert scale. The individual ratings were 
summed for a total recovery score. 

3. SF-36.30 The SF-36 global health index was used to 
measure quality of life in eight conceptual areas, doc- 
ument baseline status, and characterize changes in 

The schedule of Yale-New Haven Hospital’s ambula- 
tory surgical facility was screened daily for potential 
subjects. Once identified, the research assistant inter- 
viewed patients for potential exclusion criteria. After 
recruitment, written consent, demographic data, and 
baseline data (STAI, GHQ, SF-36) were obtained. Sub- 
jects received the intervention, midazolam or saline from 
coded syringes provided by the investigational phar- 
macy, at least 30 min before surgery. Anesthesia was 
induced using 1-2 mg/kg propofol and 0.1 mg/kg vecu- 
ronium bromide or 2 mg/kg succinylcholine (if indicat- 
ed). Isoflurane in N,O and oxygen was used for mainte- 
nance of general anesthesia. Additional vecuronium 
bromide was titrated to maintain an adequate level of 
muscle relaxation. Fentanyl was used up to 4 pg/kg 
during the induction phase of anesthesia. No other opi- 
oids were given, and regional anesthesia was not part of 
this study protocol. Reglan (5 mg) was given to prevent 
postoperative nausea and vomiting, and, if needed, on- 
dansetron was given as well (4  mg). No other anesthetic 
agents were used with this protocol. The use of agents 
such as droperidol, ketamine, benzodiazepines, or mor- 
phine was not allowed. Intraoperative variables, includ- 
ing length of surgery, blood loss, anesthetic and surgical 
complications, blood transfusions, and intravenous flu- 
ids, were noted. At the conclusion of surgery, the isoflu- 
rane was discontinued, neuromuscular blockade was 
reversed, and the patient was extubated. Incidence of 
adverse effects, analgesic requirements, pain scores 
(McGill Pain Questionnaire, VAS), and time to discharge 
were recorded in the postanesthesia care unit. 

After discharge home, patients were contacted via 
telephone on postoperative days (PODS) 1, 2, 3, 7 ,  and 
30. This contact included administering the GHQ, anxi- 
ety questionnaire (STAI-state), pain analgesic consump- 
tion, and postoperative complications. On inquiring 

quality of life after surgery. The eight conceptual 
areas provide summary measurements for role phys- 
ical, bodily pain, energy and vitality, role emotional, 
general health perceptions, physical functioning, so- 

about pain, the patients were asked to rank the pain they 
felt over the past 24 h on a scale of 0 (no pain) to 10 
(worse possible pain). The patients were asked to com- 
plete the SF-36 at 1 week and 1 month postoperatively. 
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Statistical Analyses 
The number of subjects in each study group was de- 

termined using a power analysis based on earlier studies 
involving the effects of psychological interventions on 
postoperative outcomes. The particular postoperative 
outcome chosen for the purposes of power analysis was 
postoperative pain WAS). The analysis indicated that a 
study with two groups of 30 subjects would detect with 
a probability of 0.80, a difference of 30% between 
groups in the VAS measure of postoperative pain at a 
significance level of 0.05 .  

Demographic data were analyzed using Student t test 
and the Fisher exact test. Because the treatment group 
did not differ significantly from the control group at POD 
1 with regard to self-reported pain (34 .6  5 23.4 us 
32.8 t 20.1; P = 0.70)  or anxiety (34  -+ 10 us 32 2 8.9; 
P = 0.31),  we opted to evaluate subsequent postopera- 
tive data as delta changes from POD 1. We calculated the 
delta pain and anxiety change for each individual subject 
and compared the two experimental groups by repeated 
measures analysis of variance with treatment group as 
the grouping factor and time as the repeated measure. 
SF-36 data were compared between the two groups and 
across time using multivariable analysis of variance for 
repeated analyses. GHQ data were analyzed using re- 
peated measures analysis of variance. Other measures of 
clinical recovery (e.g., medication use) were compared 
using the Fisher exact test or Student t test as appro- 
priate. Data were expressed as mean ? SD, and statis- 
tical significance was accepted at P < 0 . 0 5 .  Data were 
analyzed with the use of SPSS version 9.0 (SPSS, Chi- 
cago, IL). 

I 

Results 

40 - 
30 - 

H 20- s 
2 
9 10- 

0 -  

Over a period of 14 months, 61 patients were random- 
ized to one of the two groups. Patient characteristics and 
intraoperative parameters are summarized in table 1 .  Six 
subjects were excluded from the final sample because of 
noncompliance of the anesthesia staff to the study pro- 
tocol. These subjects were excluded on the day of sur- 
gery, and no data were obtained regarding their postop- 
erative course. Thus, a total of 55 subjects are included 
in this report. 

Postoperative Pain and Anxiety 
Pain. There were no effects of treatment on the per- 

centage of subjects reporting significant postoperative 
pain WAS > 30)  on discharge from the postanesthesia 

A 

7 
--O- STAI Placebo 

T 

-8- VAS Placebo 

care unit (61 % us 56%; P = NS). Analysis of pain across 
time demonstrated a main effect of treatment group 
(F1,50 = 3.5;  P = 0.035)  and a main effect of time 

= 4 .7 ;  P = 0.001; fig. 1B). That is, throughout 
PODs 2-7 ,  the treatment group reported a greater reduc- 
tion in self-reported pain compared with the placebo 
group (fig. 1B). In addition, at POD 7, ibuprofen use was 
reported by more subjects in the placebo group than in 
the midazolam group (17.2% us 0%; P = 0.026).  There 
were no other differences in the medication required by 
the two groups across the various time points, 
Anxiety. Analyses of anxiety across time showed a 

main effect of treatment group = 9.2;  P = 0.04) 
and time (F1,53 = 11.4; P = O.OOOl), but no group by 
time interaction. That is, throughout PODs 2-30, the 
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treatment group reported a greater reduction in anxiety 
compared with the placebo group (fig. 1A). 

Postoperative Clinical Course 
There were no significant differences between the two 

study groups with regard to any of the intraoperative or 
postanesthesia care unit variables recorded (table 1). 
Fewer patients in the midazolam group self-reported any 
postoperative infection at 1 week postoperatively (0% us 
16%; P = 0.037) compared with the placebo group. 
There were no significant differences in reports of infec- 
tion at 1 month (0% us 8.7%; P = NS), and comparable 
percentages of subjects in both groups reported taking 
antibiotics at 1 week (40% us 37%; P = NS). 

Multivariable analysis of variance showed no group 
differences on the SF-36 scores (multivariate F1,45 = 
0.44; P = 0.51) and no group by time interactions 
(multivariate F1,45 = 0.92; P = 0.34). Regardless of 
group assignment, there was improved functioning at 1 
month postoperatively compared with 1 week postop- 
eratively on the various subscales of the SF-36 (multivar- 
iate F,,,, = 8.8; P = 0.0001). Similarly, analyses of 
self-report general health (GHQ) levels across time dem- 
onstrated a main effect of time (F5,29 = 20.9; P = 
O.OOOl>, but no effects of treatment group. 

Discussion 

Although there is a consensus in the literature about 
the usefulness of preoperative sedatives, there is a pau- 
city of studies that evaluate the effects of preoperative 
sedatives on postoperative clinical outcomes. This study 
was designed to test the hypothesis that the use of 
sedatives before anesthesia and outpatient surgery con- 
tributes to improvements in the postoperative recovery 
process. We found that patients who were treated with 
midazolam 30 min before surgery reported a greater 
reduction in postoperative pain throughout the first 
postoperative week and a greater decrease of anxiety 
throughout the first postoperative month. Furthermore, 
patients treated with midazolam required less ibuprofen 
and reported less postoperative infection at 1 week 
postoperatively. However, we must emphasize that two 
global health indexes used in the study (SF-36, G H Q  did 
not detect any difference between the two groups. Thus, 
the clinical significance of our findings is not clear. 

The finding of improved postoperative psychological 
recovery in this population of adult patients is similar to 
the finding reported previously for children undergoing 

surgery.’ In the pediatric study, children who were pre- 
medicated with midazolam exhibited significantly less 
psychological distress during the first week after surgery, 
i. e., children in the midazolam group had a lower inci- 
dence of new-onset negative behaviors such as general 
anxiety, nightmares, and apathy and withdrawal.’ Simi- 
larly, adult subjects in the present study who were 
treated with midazolam preoperatively reported less 
postoperative psychological distress. The findings of re- 
duced pain in the adult population may reflect improved 
psychological recovery as well because patients who are 
more anxious report more pain and vice v e ~ s a . ’ ~ , ~ ~  
Thus, it may be that because patients in the midazolam 
group had better emotional functioning at 1 week, they 
also reported less pain. Alternatively, it may be that these 
patients did, in fact, experience less pain. At the present 
time, we do not know why preoperative midazolam has 
postoperative effects, and because we did not measure 
the stress hormones of the two groups, it is unclear if the 
neuroendocrine system is involved in this phenomenon. 

It is interesting that, although most of the improve- 
ments in patient recovery occurred within the psycho- 
logical/pain domain, a reduced incidence of postopera- 
tive infection rate was also reported. One can postulate 
two mechanisms for these findings. First, it is important 
to realize that the diagnosis of postoperative infection 
was not established by examining the patient’s wound 
directly, but rather by relying on patient self-report. 
Thus, it is possible that patients in the placebo group, 
who were more anxious at 1 week postoperatively, 
reported higher rates of infection as a result of height- 
ened vigilance associated with anxiety. Alternatively, it is 
possible that the placebo group did indeed have a higher 
incidence of postoperative infection. It may very well be 
that patients in the placebo group had a higher inci- 
dence of postoperative infection and thus were in more 
pain and required more ibuprofen for fever control and 
pain control, all because of increased anxiety levels. This 
hypothesis is supported by previous reports that indicate 
that multiple perioperative factors, including anxiety, 
hypovolemia, pain, and cold, all stimulate sympathetic 
vasoconstriction2232’ and therefore probably increase in- 
fection risk.24 Of interest are also multiple studies in the 
psychosomatic field that have reported increased inci- 
dence of various infectious process in patients who were 
more anxious and felt more Carefully con- 
trolled trials in which the postoperative wound is di- 
rectly evaluated by a blind surgeon are needed to c l am 
this issue. 

We have demonstrated that, although postoperative 
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pain and anxiety were reduced by the use of preopera- 
tive midazolam, no group differences were noted with 
regard to the overall clinical recovery process as as- 
sessed by SF-36 and the GHQ. Thus, it may be that our 
findings are not clinically significant. There are several 
possible explanations for the lack of significant results as 
assessed by the SF-36 and GHQ. First, midazolam does 
not have the same effects as do preoperative preparation 
programs. Second, the preoperative anxiolytic response 
in this study was attenuated too late to achieve signifi- 
cant postoperative clinical improvement. Because it is 
well established that the preoperative anxiolytic re- 
sponse develops days and weeks before surgery, it may 
be that reducing the response 30 min before the proce- 
dure is simply “too late.” It is important to realize that a 
major difference between psychological interventions 
and use of sedatives is timing in relation to surgery. 
Typically, psychological preparation programs are ad- 
ministered to patients undergoing surgery several days 
before the procedure. This can explain why previous 
studies that used psychological interventions reported 
improvements in the clinical domain as well, whereas 
we have failed to demonstrate such differences. Finally, 
it may be that both the SF-36 and GHQ are not sensitive 
enough to detect small but significant differences be- 
tween study groups. 

We also must emphasize that the results of this study 
are relevant only to the patient population investigated, 
i e . ,  we excluded from this investigation patients with 
American Society of Anesthesiologists status higher than 
11, patients with a history of an affective disorder, and 
patients taking any psychotropic medication. Further- 
more, the patient population studied underwent minor 
outpatient surgery, and thus their level of preoperative 
anxiety was probably lower if compared with the anxi- 
ety of patients undergoing major inpatient surgery. This 
is an important point because it is possible that, although 
midazolam is effective in attenuating the preoperative 
stress response and improving the postoperative anxiety 
and pain response among patients undergoing minor 
surgery, this effect will not be observed in patients 
undergoing major inpatient surgery. We have selected 
midazolam as the intervention for this study because a 
previous survey indicated that midazolam is the most 
commonly used anxiolytic in the United States.’ It may 
be that a different anxiolytic administrated in a different 
timing in relation to surgery will result in different find- 
ings. 

Several methodologic issues related to the design of 
this study must be addressed. First, many previous stud- 

ies that examined the effects of psychological interven- 
tions on postoperative outcomes were hindered by var- 
ious methodologic flaws. For example, the patient 
population was not homogenous in terms of medical and 
psychological history, and the anesthetic management 
was not uniform. Some previous studies used nonvali- 
dated outcome measurement scales and subjective 
rather than objective outcome variables. Moreover, al- 
most all previous investigations were conducted by in- 
vestigators from a single discipline. This is important 
because investigations like these require very close col- 
laboration between disciplines such as psychology, an- 
esthesiology, and surgery. The present multidisciplinary 
study was designed very carefully to minimize the afore- 
mentioned methodologic concerns. 

Second, we report the VAS and the STAI as change 
scores from POD 1. This was done to control for indi- 
vidual patient variability. We suggest that because both 
the VAS and the STAI are self-reported measures, they 
will vary significantly based on individual personality 
characteristics. Two patients experiencing the exact 
same postoperative pain may give it significantly differ- 
ent ratings on the VAS. Thus, we decided to control for 
the individual variability by introducing the pain experi- 
enced on POD 1 as a baseline to which all subsequent 
pain ratings are compared. We believe that this ap- 
proach better controls for personality-related variability 
in self-reported measures. A similar approach, for differ- 
ent reasons, is widely used in neuroendocrinologic and 
cardiovascular research areas. Finally, although a power 
analysis was performed at the onset, the study clearly 
would have benefitted from a larger sample size. 

We conclude that adults who are premedicated 30 min 
before outpatient surgery with intramuscular midazolam 
demonstrate improved postoperative psychological and 
pain recovery process. Thus, in addition to its significant 
beneficial preoperative effects, midazolam has some 
beneficial postoperative effects on adults undergoing 
outpatient surgery. However, the clinical importance of 
these findings is unclear because global health measures 
failed to detect a difference between the two experimen- 
tal groups. We believe that the results of this study 
should be encouraging for other investigators involved 
in this area of research. As a result of this investigation, 
we are in the process of designing a large-scale study that 
will block the preoperative stress response earlier (1 
week) in the perioperative process. Because it is not 
feasible to achieve this solely with a pharmacologic in- 
tervention, a combination of psychological and pharma- 
cologic interventions is planned. 
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