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ABSTRACT

Background: The present trial was designed to assess whether individual-
ized strategies of fluid administration using a noninvasive plethysmographic
variability index could reduce the postoperative hospital length of stay and
morbidity after intermediate-risk surgery.
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Methods: This was a multicenter, randomized, nonblinded parallel-group
clinical trial conducted in five hospitals. Adult patients in sinus rhythm having
elective orthopedic surgery (knee or hip arthroplasty) under general anesthesia
were enrolled. Individualized hemodynamic management aimed to achieve a
plethysmographic variability index under 13%, and the standard management
strategy aimed to maintain a mean arterial pressure above 65 mmHg during %
general anesthesia. The primary outcome was the postoperative hospital length &
of stay decided by surgeons blinded to the group allocation of the patient.

04} pap!

Results: In total, 447 patients were randomized, and 438 were included 3
in the analysis. The mean hospital length of stay + SD was 6 + 3 days forg
the plethysmographic variability index group and 6 = 3 days for the con-
trol group (adjusted difference, 0.0 days; 95% CI, —0.6 to 0.5; P = 0.860); e
the theoretical postoperative hospital length of stay was 4 + 2 days for the
plethysmographic variability index group and 4 =+ 1 days for the control group
(P=0.238). In the plethysmographic variability index and control groups, seri-
ous postoperative cardiac complications occurred in 3 of 217 (1%) and 2 of g
224 (1%) patients (P= 0.681), acute postoperative renal failure occurred in 9 §
(4%) and 8 (4%) patients (P = 0.808), the troponin Ic concentration was more §‘
than 0.06 pg/I within 5 days postoperatively for 6 (3%) and 5 (2%) patients§
(P=0.768), and the postoperative arterial lactate measurements were 1.44 %
+1.01 and 1.43 + 0.95 mmol/I (P = 0.974), respectively.
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Conclusions: Among intermediate-risk patients having orthopedic surgery with
general anesthesia, fluid administration guided by the plethysmographic variabil-
ity index did not shorten the duration of hospitalization or reduce complications.

(AnesTHesloLogy 2020; 133:31-40)

EDITOR’S PERSPECTIVE

What We Already Know about This Topic

e The role of guided fluid management remains unclear, with contra-
dictory trial results.

e The noninvasive plethysmographic variability index is one method
of guiding fluid administration.

What This Article Tells Us That Is New

e The investigators randomized 447 moderate-risk major arthroplasty
patients to plethysmographic-guided versus routine fluid management.

e Fitness for discharge and actual hospital durations were essentially iden-
tical in each group. Complications were rare and similar in each group.

mong the 320 million patients who have surgery each

year, the mortality rate remains between 0.5% and 4%, '?
and one in six patients experiences a postoperative compli-
cation, which increases the hospital length of stay and health
cost.” Although perioperative goal-directed hemodynamic
management has been widely shown to reduce postoperative
complications in high-risk patients who have major surgery,*
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e Plethysmographic-guided fluid management did not reduce the
duration of hospitalization or complications in moderate-risk sur-
gery patients.

few data are available for intermediate-risk patients, who rep-
resent the majority of patients worldwide. Intermediate risk
was defined based on the type of surgery’ or the medical
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history of the patient.” Hip and knee surgery are the most
common intermediate-risk surgeries in the United States,’
and current projections estimate that the incidence of these
surgeries will increase dramatically by 2030.% Therefore, the
Agency for Healthcare Research and Quality (Rockville,
Maryland), together with the American College of Surgeons
(Chicago,Illinois) and the Johns Hopkins Medicine Armstrong
Institute for Patient Safety Quality (Baltimore, Maryland), has
created the Safety Program for Improving Surgical Care and
Recovery, especially for knee and hip arthroplasty.”'® This
program concluded that intraoperative fluid management
should aim to minimize fluids and maintain euvolemia.”'”

The noninvasive “plug and play” sensor (Masimo
Corporation, USA) that uses the pleth variability index was
developed to assess fluid responsiveness using plethysmo-
graphic variations induced by mechanical ventilation and
thus achieve euvolemia during surgery. Encouraging results
have been published for this new technology,'"'? but the
clinical benefits of this device for intermediate-risk surgery
remain uncertain.

In this context, the aim of the present multicenter, ran-
domized study was to compare a strategy using individu-
alized preload monitoring with the pleth variability index
with that for a control group using noninvasive blood
pressure monitoring for intermediate-risk surgical patients
scheduled for elective orthopedic surgery. We tested the
primary hypothesis that pleth variability index-guided fluid
management reduces hospital length of stay. Secondarily, we
tested the hypothesis that pleth variability index guidance
reduces postoperative morbidity.

Materials and Methods

Study Design

The hemodynamic Optimization using the Pleth Variability
Index (OPVI) trial was an investigator-initiated, random-
ized, stratified, parallel-group, nonblinded, clinical trial con-
ducted in five French university and nonuniversity hospitals.
The main hypothesis was analyzed with respect to the supe-
riority of pleth variability index to decrease the length of
stay in comparison with that of the control group.The study
protocol was approved for all centers on May 23, 2014, by
the official ethics committee of the University Hospital of
Caen (Ethical Committee North West 3, Caen University
Hospital, Caen, France)" and recorded at clinicaltrials.gov
on August 4, 2014 (NCT02207296, Principal Investigator
M.-O. Fischer). Written informed consent was obtained
before each patient was randomized and had surgery. The
study protocol and the statistical analysis plan have been
previously published' and are available in Supplemental
Digital Content 1 (http://links.Iww.com/ALN/C329). An
independent data and safety monitoring committee over-
saw the study and reviewed the blinded safety data.

The included patients were considered intermediate risk
after accounting for the surgical procedure (hip or knee
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arthroplasty was considered intermediate-risk surgery)® and
the medical history of each patient (which was considered a
low-to-intermediate risk if the cardiac risk factor was under
3).° Patients aged 18 yr or older, in sinus rhythm and sched-
uled for a planned hip or knee arthroplasty with general
anesthesia were eligible for recruitment. Participants were
recruited into the study after being approached by study staff.
The exclusion criteria were as follows: refused to provide
consent, was pregnant, had cardiac arrhythmia, had sepsis,
had chronic kidney disease with dialysis, had dark-colored
skin (owing to limitations of the plethysmography technol-
ogy), or were under judicial protection. Patients at high risk
for surgery based on their medical history and who were
recommended to have a cardiac output monitor and/or an
arterial line were not included in the study.

Eligible patients were assigned in a 1:1 ratio to either
a standard or individualized treatment strategy. The inter-
vention period started with the induction of anesthesia and
continued until discharge from the postanesthesia care unit
(PACU).

All Patients

Each patient underwent the usual monitoring (including
vital sign monitoring, noninvasive blood pressure monitor-
ing, and pulse oximetry monitoring), and all recommenda-
tions to prevent complications were applied.”'® The pleth
variability index forehead sensor (LNOP TEF-I, Masimo
Corporation) was connected to a dedicated monitor
(Radical 7, Masimo Corporation) for all study participants,
but the monitor was blinded to the investigators in the con-
trol group. For all patients, all hemodynamic data were reg-
istered and analyzed offline. The use of additional regional
anesthesia, choice of anesthetic drugs, and operative pain
management were at the discretion of the attending anes-
thesiologist. The investigators indicated that the ventilator
patterns should be strictly as follows: controlled ventilation
with a tidal volume of 8 ml/kg of ideal body weight;a respi-
ratory rate and fraction of inspired oxygen between 35 and
45 mmHg, according to a range of end tide carbon dioxide;
and a pulse oxygen saturation greater than 96%. Lactated
Ringer solution was intravenously infused at a rate of 3ml -
kg™ - h™! to satisfactorily maintain hydration.

Pleth Variability Index Group

The patients in the intervention group first received fluids
according to their pleth variability index values, followed
by vasopressors according to a hemodynamic algorithm
(Supplemental Digital Content 1, http://links.lww.com/
ALN/C329). The algorithm was developed for the OPVI
study by an expert group and was designed to be run in
the operating room by both medical and nursing staft. The
pleth variability index monitor was used from the initiation
of mechanical ventilation after general anesthesia induction
until the end of surgery. This noninvasive technology has

Copyright © 2020, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.
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been used in clinical practice for more than 10 yr."' Because
the forehead sensor has been shown to be more accurate in
predicting fluid responsiveness than digital sensors, the fore-
head sensor was exclusively used in the present study.'” The
use of this hemodynamic therapy algorithm was supported
by high-quality clinical studies, and the algorithm has an
excellent cardiovascular safety profile.*'® Intravenous gelatin
solution (Gelofusine 4%; B-Braun Medical, Germany) was
administered in individualized 3-ml/kg boluses to increase
and maintain the pleth variability index value above 13%,
which was previously described as a valuable cutoff value."”
After this first step, vasopressors were administered to main-
tain the mean arterial pressure above 65 mmHg, along with
up to 30mg of ephedrine followed by norepinephrine at
low doses according to a simple protocol (Supplemental
Digital Content 2, http://links.Jww.com/ALN/C330).

Control Group

In the control group, the patients received either fluid load-
ing or vasopressors at the discretion of the attending anes-
thesiologist to maintain the mean arterial pressure above 65
mmHg (Supplemental Digital Content 1, http://links.Iww.
com/ALN/C329). After 30mg of ephedrine, a low dose
of norepinephrine was recommended by a simple protocol
(Supplemental Digital Content 2, http://links.lww.com/
ALN/C330). Although a pleth variability index was con-
nected and registered, the device was blinded to the clinical
staff, and the data were retrospectively used offline.

Study Outcomes

The primary outcome was the postoperative hospital length
of stay in days using the real data. The predefined secondary
outcomes included the theoretical hospital length of stay
in days using a specified checklist completed every 12h by
research staff, serious postoperative cardiac complications
(at least one of the following: cardiac arrest, arrhythmia, or
heart failure requiring treatment), acute postoperative renal
failure (defined as an increase in creatinine concentration of
at least 30% compared with the preoperative value), post-
operative troponin Ic measured on days 1 and 3 postoper-
atively, and arterial lactate measurements in the PACU.The
primary outcome, initially defined in 2014 as the theoreti-
cal hospital length of stay, was changed during 2015 to the
real postoperative hospital length of stay,'* which is a more
pragmatic and robust criterion in real life.

Randomization and Blinding

Enrollment, randomization (1:1 allocation ratio), and data
collection were performed using a dedicated and secure
web-based system. Blocked randomization was performed
after stratifying the patients according to the center and
type of surgery (hip or knee arthroplasty) before surgery.
The allocation sequence was generated by the principal
statistician; anesthesiologists evaluated eligibility, obtained

Pleth Variability Index in Orthopedic Surgery

informed written consent and assigned participants to study
groups. Although anesthesiology staff members could not
be blinded to the group assignments, strict blinding of the
patients, surgeons, statistician, and the data and safety mon-
itoring committee was maintained during the operative
period and postoperative care (PACU and surgical ward).
Patients in each group remained indistinguishable because
the material used in the pleth variability index group and
control group was similar and blinded to both patients and
surgeons. The surgeons were the postoperative care provid-
ers and chose the discharge day while remaining completely
blinded to the group allocation, as were the statistician and
data and safety monitoring committee, who used an anon-
ymous database.

Statistical Analysis

Assuming a two-sided a risk of 5% and a power of 80%, we
computed that the sample size should be 193 patients per
group to detect a 1-day difference in the primary outcome
(postoperative hospital length of stay), assuming a SD of
3.5 days (using the French national database). Therefore, we
planned to include 440 patients.

We tested the hypothesis that pleth variability index
would reduce the length of stay as compared with the stan-
dard of care. Although our hypothesis was one-sided, we
used two-sided tests for all comparisons.

Categorical variables were described as percentages,
and continuous variables were described as the mean *
SD or median (interquartile range), as appropriate. The
primary outcome analysis followed the modified inten-
tion-to-treat principle, which recommends that all ran-
domized patients be analyzed in their assigned group.
For the primary outcome, we created a linear regression
model of the primary outcome, including the random-
ization groups and stratification factors (center and type
of surgery), as appropriate. The primary outcome data
were tested for normality by the Kolmogorov—Smirnov
test, and this assumption was met. Categorical variables
were compared between groups using Fisher exact tests
or Pearson chi-square tests for heterogeneity. Continuous
variables were compared between groups with a f test for
independent samples or Wilcoxon rank tests, as appropri-
ate. We conducted a sensitivity analysis in the pure intent-
to-treat population among all randomized patients with
multiple imputations (five data sets) using a multivariate
normal distribution. All statistical analyses were conducted
using SAS version 9.4 (SAS Institute, USA). A P value less
than 0.05 was considered statistically significant.

Results

Study Population

During the study period from March 11,2015, to March 16,
2017, a total of 1,820 patients were screened for eligibility,
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447 were randomized, and 438 were included in the pri-
mary outcome analysis: 216 were allocated to the pleth
variability index group, and 222 were allocated to the con-
trol group (fig. 1). The baseline patient characteristics were
similar between the groups (table 1).

Pleth Variability Index and Intraoperative Management

Pleth variability index monitoring was implemented for all
patients, and the pleth variability index data were recorded
for 196 (91%) patients in the pleth variability index group
and 190 (86%) patients in the control group. Throughout
the recording, the mean * SD pleth variability index was
15.7 £ 5.7% in the individualized treatment group and 15.6
+ 5.3% in the control group (P = 0.898).The mean + SD
percentage of time that the pleth variability index was less
than 13% was 36 + 31% of the total recording time for
the pleth variability index group versus 31 + 30% for the
control group (P = 0.223; Supplemental Digital Content
3, http://links.lww.com/ALN/C331). The perioperative
hemodynamic data are presented in table 2. Fluid loading
was used more often in the pleth variability index group
(178 of 210 [85%)] patients) than in the control group

(77 of 211 [36%)] patients; P < 0.001). Among all patients,
the cumulative volume of fluid infused throughout the sur-
gery was significantly larger in the pleth variability index
group than in the control group (1,088 * 606 ml vs. 677 £
608 ml; P < 0.001). Vasopressors were used for 114 (54%)
patients in the pleth variability index group and for 125
(59%) patients in the control group (P = 0.326).The most
common vasopressor used was ephedrine (n = 231), with
similar doses used between the pleth variability index group
and the control group (16.9 * 8.5mg vs. 17.1 * 9.0mg;
P = 0.810); norepinephrine was used for 9 (4%) patients in
each group (table 2 and fig. 2).

Outcomes

The real hospital length of stay was 6 = 3 days for the pleth
variability index group (n = 216) and 6 + 3 days for the
control group (n = 222; adjusted difference, 0.0 day; 95%
CIL, —0.6 to 0.5; P = 0.860; fig. 3). This result was consistent
with the multiple imputation sensitivity analysis (adjusted
difference, 0.0 day; 95% CI, —0.6 to 0.5; P = 0.786).

The secondary objectives and the complications are
detailed in table 3.The theoretical hospital length of stay for

1820 Patients undergoing knee
or hip arthroplasty
1373 Not included
447 Randomized
221 Randomized to 2
hee incivichaniiznd ZZGR_and::mdto
fiuid therapy using Pleth treatment strategy
vanability index
y
216 Completed the trial 222 Completed the trial
v v

216 Included in primary outcome analysis
5 Excluded

1 Consent withdrawal

2 Hemodynamic instability

2 Received another monitoring

222 Included in primary outcome analysis
4 Excluded

1 From a withdrawn center

1 Consent withdrawal

1 Hemodynamic instability

1 Randomized by error

Fig. 1. Flowchart of the participant enrollment process throughout the study.
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Table 1. Demographics and Baseline Characteristics

Pleth Variability ~ Control
Index Group Group
Characteristics (n =216) (n =222)
Age, yr 65+10 66 =10
Sex,
Male 79 (37) 82 (37)
Female 137 (63) 140 (63)
Body mass index, kg/m? 29+6 30+6
Creatinine, mean = SD, pmol/I 70+ 16 74 +23
ASA Physical Status
| 36 (17) 30 (14)
I 149 (69) 152 (68)
1l 28 (13) 39(18)
v 0(0) 0(0)
v 0(0) 0(0)
Lee score
0 199 (92) 193 (87)
1 14(7) 25 (11)
2 2(1) 4(2)
3 0(0) 0(0)
4 1(1) 0(0)
5 0(0) 0(0)
Comorbidities
Total 162 (75) 184 (83)
Smoking 43 (20) 40 (18)
Diabetes 25 (11) 36 (16)
Dyslipidemia 70 (32) 71(32)
Hypertension 105 (48) 128 (57)
Arteritis 4(2) 6(3)
Heart disease 13(6) 18 (8)
Renal insufficiency 1(0) 8 (4)
Hepatic insufficiency 1(0) 3(1)
Cirrhosis 1(0) 2(1)
Respiratory disease 34 (16) 39(17)
Asthma 12(5) 14 (6)
COPD 703 9(4)
Neoplasia 23 (11) 21(9)
Type of surgery
Hip arthroplasty 122 (56) 129 (58)
Knee arthroplasty 94 (44) 93 (42)
First surgery 188 (87) 196 (88)
Reoperation 28 (13) 26 (12)
Hypnotics 210 (97) 212 (95)
Propofol 203 (94) 210 (95)
Median [IQR], mg 200 [200-295] 200 [160-300]
Ketamine 172 (80) 179 (81)
Median [IQR], mg 20 [20-30] 20 [20-30]
Midazolam 98 (45) 94 (42)
Median [IQR], mg 1[1-2] 1[1-2]
Halogenated gas 157 (73) 160 (72)
Median inhaled fraction [IQR], % 3[2-5] 3[2-5]
Opioid agents 205 (95) 206 (93)
Remifentanil 115 14 (6)
Median dose [IQR], ng 4545 [334-670]  398.5 [315-468]
Sufentanil 194 (90) 192 (86)
Median dose [IQR], pg 30 [20-35] 30 [20-35]
Neuromuscular blockade agent 87 (40) 87 (39)
Median dose (IQR), mg 30 [20-35] 30 [10-40]

The data are represented as N (%), means + SD, or median [25th, 75th percentiles].

ASA, American Society of Anesthesiologists Physical Status classification system;
COPD, chronic obstructive pulmonary disease; IQR, interquartile range.

Fischer et al.
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Table 2. Hemodynamic Data

Pleth Variability  Control
Index Group Group
(n =216) (n = 222)
Heart rate, beats/min 65+ 10 64 =10
MAP, mmHg 82+10 81+ 11
MAP < 65 mmHg
Duration, min 8 [0-80] 6 [0-30]
Percentage of recording time, % 8 [0-70] 7[0-92]
MAP < 55 mmHg
Duration, min 0 [0-150] 0[0-30]
Percentage of recording time, % 0[0-100] 0[0-28]
MAP/heart rate ratio 1.3+0.2 1.3x0.2
Fluid administration
Gelatin 178 (85) 77 (36)
Volume of gelatin 683 + 452 427 + 250
Total IV fluid loading 1,088 + 606 677 + 608
Transfusion 3(1) 2(1)
Vasopressor and inotrope use 114 (54) 125 (59)
Ephedrine 112 (52) 122 (55)
Norepinephrine 9(4) 9(4)
Dobutamine 0(0) 1(0)

Data are represented as N (%), mean + SD, or median [25th, 75th percentiles].
IV, intravenous; MAP, mean arterial pressure.

the pleth variability index group and control group were
4 £ 2 and 4 + 1 days, respectively (P = 0.238). Serious
postoperative cardiac complications occurred in 3 (1%) and
2 (1%) patients in the pleth variability index and control
groups, respectively (P = 0.681). Acute postoperative renal
failure occurred in 9 of 216 (4%) patients and 8 of 222 (4%)
patients in the pleth variability index and control groups,
respectively (P = 0.808). The postoperative troponin Ic
concentration was elevated for 6 of 216 (3%) patients in
the pleth variability index group and 5 of 222 (2%) patients
in the control group (P = 0.768). No significant difference
was observed between the two groups in the arterial lactate
measurements taken in the PACU (1.44 = 1.01 mmol/l in
the pleth variability index group vs. 1.43 = 0.95 mmol/I in
control group; P = 0.974). The adverse events alleviated by
the safety committee from inclusion to day 30 are reported
in Supplemental Digital Content 4 (http://links.Iww.com/
ALN/C332).

Discussion

In this multicenter, randomized, stratified clinical trial
involving intermediate-risk surgical patients having elec-
tive orthopedic surgery with general anesthesia, an indi-
vidualized goal-directed hemodynamic strategy using pleth
variability index increased the amount of fluid loading
compared with that yielded by standard management strat-
egies but did not provide any clinical benefits in terms of
hospital length of stay, serious cardiac events, renal failure, or
postoperative lactate or troponin Ic concentrations.

Anesthesiology 2020; 133:31-40
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Intraoperative hemodynamic management

100

P<0.001

Fluid loading use

90

80

70

60

50

40

30

Percentage of patients

20

10

I Pleth variability index group
! Control group

P=0.326

Vasopressors use

Fig. 2. Use of fluid loading and vasopressors in the pleth variability index and control groups. Fluid loading was used more frequently in
the pleth variability index group (blue) than in the control group (orange; P < 0.001), whereas vasopressor use was similar between the two

groups (P = 0.326). The data are expressed as percentages.

The OPVI trial was an academic multicenter random-
ized study designed to assess the clinical impact of indi-
vidualized hemodynamic strategies for intermediate-risk
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Fig. 3. Real hospital length of stay for the pleth variability index
and control groups. Real hospital length of stay is expressed as
the median; the fop and bottom borders of the box are the 25th
and 75th percentiles, respectively; the whiskers are 1.5 times
the interquartile range; and the squares represent the extreme
outliers.
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surgical patients. Although this population represents the
majority of patients who have planned surgery worldwide,
most studies have selected high-risk patients for postoper-
ative morbidity and mortality. This selection bias decreases
the external validity of studies that investigate high-risk
patients and reinforces the need for further studies with
patients considered intermediate risk for surgery based on
the type of surgery or intermediate risk for comorbidities
using the American Society of Anesthesiologists (ASA)
Physical Status classification system.>'” In the present study,
the patient population preoperatively showed a low ASA
classification'” and a low Lee score,® in accordance with an
intermediate-risk score; hip and knee arthroplasties are clas-
sified as intermediate-risk surgeries.’

There is evidence for the benefit of perioperative
goal-directed therapy, but its adoption into clinical practice
has been slow. One explanation for the poor use of such
therapy at the bedside could be the invasiveness and diffi-
culties in using hemodynamic monitoring.?”?' Some stud-
ies have evaluated the use of a noninvasive pleth variability
index for goal-directed hemodynamic therapy during high-
risk surgery with encouraging results. Two randomized
studies showed that pleth variability index—guided fluid
therapy could decrease fluid administration and postopera-
tive lactate concentration after major abdominal surgery.'>
Compared with esophageal Doppler or pulse pressure

Copyright © 2020, the American Society of Anesthesiologists, Inc. Unauthorized reproduction of this article is prohibited.
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Table 3. Secondary Objectives and Complications

Pleth

Variability Control
Index Group Group
(n=216) (n=222)

Theoretical length of hospital stay, days 41+23 38x14
Number of perioperative complications
0 complications 188
1 complication
2 complications
3 complications
4 complications
No data
Serious perioperative cardiac complications
Cardiac arrhythmia requiring treatment
Acute lung edema
Cardiac death
Other cardiac complication
Postoperative troponin Ic elevation (> 0.06 pg/l)
Perioperative noncardiac complications
Noncardiac death
Respiratory distress (noninvasive
ventilation or intubation)
Stroke
Intensive care unit hospitalization
Postoperative ileus > 4 days
Postoperative infections
Acute Kidney failure
Other noncardiac complications
Postoperative arterial lactate, mmol/l
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The data are represented as N (%) or means + SD.

variations, goal-directed fluid therapy using the pleth vari-
ability index appears to be an acceptable alternative with
regard to postoperative complications after major abdominal
surgery.”** Compared with the standard strategy without
hemodynamic monitoring, the use of the pleth variabil-
ity index could decrease fluid loading for obese patients
having laparoscopic bariatric surgery.> However, no study
has focused on hospital length of stay or low-to-intermedi-
ate—risk surgery, such as orthopedic surgery, which are actu-
ally the most common types of surgeries.®

In the present OPVI trial, the enrollment process and
use of the pleth variability index were satisfactory in terms
of the following: (1) pleth variability index data were
recorded for the majority of patients, and (2) the high fluid
loading for the pleth variability index group, in contrast
with that of the control group, suggested at the protocol
was correctly followed at the bedside. However, the pleth
variability index did not decrease the hospital length of stay
or the postoperative morbidity compared with the standard
strategy. Some explanations exist for these results. First, this
result could be related to the fact that the study popula-
tion did not benefit from using the hemodynamic algo-
rithm through dedicated monitoring, as suggested by the
absence of differences in the incidence of serious cardiac

Pleth Variability Index in Orthopedic Surgery

complications or renal failure and postoperative lactate
or troponin Ic concentration between the two groups.
Alternatively, the pleth variability index may not be reli-
able enough to allow effective hemodynamic optimization
in a surgical setting. However, patients with regular sinus
rhythm under mechanical ventilation without spontaneous

breathing could use this dynamic index;"

in addition, we
used forehead sensors that have been shown to decrease the
background noise described with digital sensors."” Indeed,
the vasomotor tone and vasopressor have been previously
reported to markedly alter the accuracy of pleth variability
index measurements at the digital site.”®

This trial has several limitations. In the pleth variabil-
ity index group, the pleth variability index was less than
13% for nearly one third of the total duration of record-
ing, which might suggest that the investigators did not
follow the protocol. In fact, the study protocol was care-
fully applied by a staff member for each inclusion. Some
technical explanations may be discussed: the length of time
that the pleth variability index was available (approximately
80% of the recording time; Supplemental Digital Content
3, http://links.lww.com/ALN/C331); the remaining time
(decreased by the average over a 2-min period) to the pleth
variability index calculation for each intermittent signal
during surgery; and the sensitivity of the pleth variability
index itself. The median pleth variability index value in the
interventional group was just above the threshold value of
13%. Moreover, a recent meta-analysis found high variabil-
ity regarding the best threshold for pleth variability index
values, ranging from 7 to 20%.%”” One reason for the high
variability might be the different settings in which the stud-
ies have been conducted (the reliability of the pleth variabil-
ity index was limited in the operating room in comparison
with the intensive care unit). Another reason might be that
the pleth variability index is highly affected by external
conditions such as low cardiac output, hypothermia, use
of vasoactive drugs, and peripheral vascular disease. The
question around the threshold pleth variability index value
emphasizes the importance of precisely setting the device
according to the clinical situation. A gray zone approach
could partially explain why patients in the pleth variability
index group received more than the control group fluids
but had the same need for vasopressors. A dynamic view
of dynamic indices has been suggested as an alternative to
minimize the problems surrounding the threshold value,
but hemodynamic maneuvers (mini-fluid challenge, tidal
volume challenge, or alveolar recruitment maneuver) com-
plicate the use of a simple tool and are possibly not usable
in the clinical setting.”’

Second, even though the attending anesthesiologist was
aware of the group allocations, the surgeons who were
responsible for patient discharge (primary outcome) were
not. Third, we cannot conclude whether the absence of dif-
ferences was related to the failure of pleth variability index
monitoring to optimize the volemia or was related to the
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therapeutic strategy. Reference cardiac output monitoring
or arterial monitoring with pulse pressure variations data
could answer this question, but the use of invasive devices
such as thermodilution with a pulmonary arterial catheter
or arterial line for intermediate-risk surgical patients was
considered unethical. However, the absence of differences in
the secondary objectives and adverse events point toward the
absence of efficacy from the individualized hemodynamic
strategy for intermediate-risk surgical patients in the present
study. If we power a trial based on the 10% observed com-
plication rate, for 20% reduction and a power of 80%, more
than 6,000 patients are mandatory to show a difference.
Finally, this study was conducted with orthopedic sur-
geries. Although these procedures represent the most fre-
quently performed surgeries in the United States, our
results may not be generalizable to other types of surgery.

Conclusions

Among patients having intermediate-risk orthopedic sur-
gery with general anesthesia, an individualized goal-directed
hemodynamic strategy using the pleth variability index did
not provide any benefits compared with a standard man-
agement strategy. Large randomized controlled studies are
mandatory to precisely determine the place of the pleth
variability index in anesthesia practice.
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Appendix 1. The OPVI Trial Group
OPVI-Participating Clinical Centers:

Caen University Hospital, Caen, France (Sandrine Lemoine,
M.D., Ph.D., Jean-Luc Hanouz, M.D., Ph.D., Georges
Daccache, M.D., Ph.D., William Greub, M.D., Michel
Pegoix, M.D., Maxence Le Goff Coupernot, M.D., Marc-
Olivier Fischer, M.D., Ph.D.); Amiens Picardie University
Hospital, Amiens, France (Diane Taing, M.D., Ossama Abou
Arab, M.D., Stéphane Bar, M.D., Emmanuel Lorne, M.D.,
Ph.D.); Lille University Hospital, Lille, France (Marion
Houard, M.D., Serge-André Carron, M.D., Arnaud
Alluin, M.D., Benoit Tavernier, M.D., Ph.D.); Hospital of
Catholic Institute of Lille, Lomme, France (Chems-Eddine

Bouchakour, M.D., Vincent Colas, M.D., Christophe

Canevet, M.D.); and Rouen University Hospital, Rouen,

France (Vincent Compere, M.D., Ph.D.).
Data-monitoring Committee:

Clinical Research  Department, Caen  University
Hospital ~ (Francois  Fournel, A.A.S., Blandine
Lecrux, A.A.S., Sandrine Rot, A.A.S.); Clinical
Research  Department, Hospital of  Catholic
Institute  of Lille (Domitille Tristam, A.A.S.);

Clinical Research Department, Lille University Hospital
(Artak Petrosyan, A.A.S., Julie Bellet, A.A.S.); Clinical
Research  Department, Amiens
Hospital (Sandrine Brisset, A.A.S.).
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The Surgeon As “Swindler”: A Corny Use of Chloroform
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Hidden in the Wood Library-Museum Archives is this bifold sheet (top leff) containing three autograph pages
of “Riddles from Miss C. Corbet” of Adderley, England. Dated “Jan’ 10" / 56” (1856, top right), there are 19
riddles in all. The riddler was 20-year-old Clara Anna Corbet (1835 to 1916), the fourth of eight children born
to soon-to-be Rector Richard Corbet and his wife Eleanor. In one instance, Clara likened “a surgeon using

Chloroform,” who “cuts away without..

.pain,” to “a swindler,” who “cuts away without paying” (botfon). Miss

Corbet, however, offered no chloroform to palliate the pain of reading her riddle. (Copyright © the American
Society of Anesthesiologists’ Wood Library-Museum of Anesthesiology.)
Jane S. Moon, M.D., University of California, Los Angeles, and George S. Bause, M.D., M.PH., Case Western

Reserve University, Cleveland, Ohio.
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