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Abstract Simple and accurate expressions describing the
P,0,-F,0, relationship in mechanically ventilated patients
are lacking. The current study aims to validate a novel
mathematical expression for accurate prediction of the
fraction of inspired oxygen that will result in a targeted
arterial oxygen tension in non-smoking and smoking
patients receiving mechanical ventilation following open
heart surgeries. One hundred P,0,—F;0, data pairs were
obtained from 25 non-smoking patients mechanically
ventilated following open heart surgeries. One data pair
was collected at each of F;0, of 40, 60, 80, and 100% while
maintaining same mechanical ventilation support settings.
Similarly, another 100 hundred P,0,-F;O, data pairs were
obtained from 25 smoking patients mechanically ventilated
following open heart surgeries. The utility of the new
mathematical expression in accurately describing the
P,O,-F,O, relationship in these patients was assessed by
the regression and Bland-Altman analyses. Significant
correlations were seen between the true and estimated F,0,
values in non-smoking (1 = 0.9424; p <0.05) and
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smoking (r* = 0.9466; p < 0.05) patients. Tight biases
between the true and estimated F,O, values for non-
smoking (3.1%) and smoking (4.1%) patients were
observed. Also, significant correlations were seen between
the true and estimated P,0,/F;O, ratios in non-smoking
(r* = 0.9530; p <0.05) and smoking (= 0.9675;
p < 0.05) patients. Tight biases between the true and
estimated P,O,/F;O, ratios for non-smoking (—18 mmHg)
and smoking (—16 mmHg) patients were also observed.
The new mathematical expression for the description of the
P,0,-F,O, relationship is valid and accurate in non-
smoking and smoking patients who are receiving
mechanical ventilation for post cardiac surgery.

Keywords Oxygen - Partial pressure of oxygen -
P,0,/F;0, ratio - Open heart

1 Introduction

The ability to accurately predict the arterial partial pressure
of oxygen (P,0,) after changing the inspired oxygen
fraction (F;O,) is an important clinical tool that can allow
clinicians to decrease the need for arterial punctures and/or
arterial blood gas (ABG) sampling. More importantly it
allows trending the changes in the P,0,/F,O0, ratio, an
essential indicator used for quantifying the degree of lung
injury and subsequently optimize the management of
patients receiving mechanical ventilation [1].

Several theoretical models have been proposed for pre-
dicting the response of P,O, to changes in F;0, [2-4];
however almost none of these predicting models have been
widely accepted and implemented in clinical use. There are
at least two reasons for this lack of utilization. First, the
complex nature of the derived models as well as the technical
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difficulties involved (e.g., use of the virtual shunt lines) and
the need to determine cumbersome variables such as alve-
olar gas tensions and respiratory quotients make them
somewhat impractical at the bedside and second, the lack of
reliability and accuracy of some of these models, particularly
when underlying assumptions are not fulfilled [5].
Recently, Hardman and Al-Otaibi developed and validated a
novel formula for prediction of P,O, in mechanically ventilated
patients [6, 7]. Their predictive equation for P,O, has the
advantage of including simple and straightforward variables
such as old and new P,0, and F;0, values that are easily
determined and readily available at the bedside. However, their
new equation falls short of providing a more clinically relevant
form of the relationship between P,0, and F,0,. Their method
predicts the new P,0, following a step change in F,0,. In
contrast, we believe that predicting the new F,0, that will
achieve a targeted or desired P,O, is more relevant, appropriate,
and useful for clinicians in managing oxygenation and F,0,
requirements in mechanically ventilated patients. Furthermore,
Al-Otaibi and Hardman validated their formula in a group of
ICU patients who were receiving different modes of ventilatory
supports (e.g., volume controlled, pressure controlled and
pressure support ventilation) that can have different and sig-
nificant effects on ventilation/perfusion matching, cardiac
output, and venous oxygen saturation (S,0,), and ultimately on
the validity of their results. Also Al-Otaibi and Hardman used
only a narrow range of F,0, settings (i.e., 40-60%).
Therefore, we derived a new equation that will allow the
clinician to predict the required F;O, to achieve a desired or
targeted P,O, (El-Khatib-Chatburn equation) [8]. The new
equation uses known values of F,0, and P,O, (i.e., oldF;0,
and oldP,0,) as well as the physician’s desired or target
values for P,O, (i.e., newP,0;) to predict the required
value of F;0; (i.e., newF;0,) to achieve the target P,O,:

newF,0, = ((oldFiOZ —2)+ \/12) /2 (1)

where k = (2 — 0ldF,0,)*> + (8 x newP,0, x oldF,0,)/
(oldP,0,).

The aim of the current study was to confirm the clinical
validation of the relationship between F;O, and P,O, in the
context of using the El-Khatib-Chatburn equation for the
accurate prediction of the fraction of inspired oxygen that
will result in a targeted arterial oxygen tension in smoking
and non-smoking patients receiving mechanical ventilation
following open heart surgeries.

2 Methods

This study was approved by the Institutional Review Board
at the American University of Beirut School of Medicine
and Medical Center. All patients provided written informed
consent prior to participation in the study.
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Patients who were older than 18 years and scheduled to
undergo open heart surgeries, who were not morbidly
obese (Body Mass Index <35 kg/m?) and were not known
to have interstitial lung diseases, pulmonary vascular dis-
eases, hematologic malignancies, hemodynamic shocks, or
pneumonia were included in the study. Exclusion criteria
included patients who were hemodynamically and/or clin-
ically unstable, significantly anemic (hemoglobin less than
8 g/dLY), or patients who required positive end expiratory
pressure (PEEP) greater than 5 cmH,0 during mechanical
ventilatory support in the post-operative period. Patients
were assigned to one of two groups based on whether they
have smoking history (>10 pack-year) or no smoking
history (<10 pack-year).

Upon arrival to the Cardiac Surgery Unit (CSU),
patients were started and maintained on standard moni-
toring with continuous electrocardiography, invasive and
noninvasive blood pressure, and pulse oximetry through-
out the study. All patients had an indwelling arterial line
as per routine clinical management and monitoring. In the
CSU, patients were allowed an initial 20 min period of
stabilization on mechanical ventilation with a F,0, of
100% prior to initiation of the study protocol and data
collection.

After the initial stabilization period on F;0, of 100%, an
arterial blood sample was obtained for blood gas analysis
and determination of P,O,. Subsequently the patient’s F,O,
was changed from 100 to 80, 60, and 40% in random order
while all other mechanical respiratory support parameters
were kept the same and while ensuring that the patient was
well sedated with no spontaneous minute ventilation. The
P,O, values that resulted from the changes in F,0, were
considered the “new” P,0, for purposes of using the
prediction equation. The values of old F;0,, old P,O,, (that
could be any previously determined F,0, and P,O, values)
and new P,0O, were substituted into Eq. 1 and the equation
was solved for new F;O; (i.e., in clinical practice, the new
F,O, is what would have been predicted as the new ther-
apeutic target if the new P,0, had been the desired out-
come target). Demographic and hemodynamic data as well
as ventilatory support variables were obtained for all
patients.

The medical team in charge of the patients had the
option to terminate the study at any point in time if it was
felt that a change in F;O, was compromising the patient’s
clinical condition. Arterial blood samples were collected
after 20 min of stabilization on each F;O, value. The
arterial blood samples were collected via the indwelling
arterial line following standard procedures using the same
brand and model of arterial blood gas samplers (Marquest
Quick A.B.G, GE Healthcare, USA). All arterial blood
samples were immediately subjected to duplicate blood gas
analysis measurements in two separate and calibrated
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blood gas machines (ABL-820 and ABL-720, Radiometer,
Copenhagen) for the determination of P,0, and for
ensuring accuracy of P,0, measurements. The average
P,O, values of the two samples from the two blood gas
machines were used for data analysis.

2.1 Statistical analysis

A power analysis considering a type I error of 5%, a type
II error of 20% (i.e., power is 80%) and an expected and
significant correlation coefficient between true and esti-
mated F;O, of 0.55 indicates that at least 24 patients were
needed [9]. Data was tested for normal distribution using
the Chi squared goodness of fit test. The Bland—Altman
analysis was used to determine the degree of bias and
reliability between the true and estimated values of F,O,
and P,O,/F;0, ratio for patients with and without smoking
history [10]. Also standard techniques of linear regression
and correlation by the least square method were used to
assess the degree of correlation between new “estimated”
FO, and true F;0, values in the two patients’ groups.
Paired ¢ test was used to test the statistical significance of
the differences between the estimated and true F;O, val-
ues. Student ¢ test and Chi square test were used for sta-
tistical analysis of the patients’ characteristics. Statistical
significance was considered at the 5% level (e,
p < 0.05).

3 Results

Overall, 50 patients were included in the study. Twenty
five patients had a smoking history and 25 patients had no
significant smoking history. Patients’ characteristics are
presented in Table 1. There were no statistically significant
differences in hemodynamic parameters throughout the
study in both non-smoking and smoking patients (Table 2).
The comparison of arterial blood gas values at different
levels of F;O,s revealed significant differences only in
P,0O, as a result of changing the F,O, levels for both non-
smoking (Table 3) and smoking patients (Table 4).

A total of one hundred P,0,-F;O, data pairs corre-
sponding to four levels of F,O, per patient were obtained
from the 25 patients with no smoking history. Similarly,
another set of 100 P,0,-F;0, data pairs were obtained from
the 25 patients with smoking history. There were strong and
significant correlations between the true and estimated F,O,
values in non-smokers (* = 0.9424; p < 0.05) (Fig. 1) with
a 95% confidence interval for the estimated F;O, of 7.94% as
well as in smokers (r2 = 0.9466; p < 0.05) (Fig. 2) (95% CI
for the estimated F,0, = 7.79%). Furthermore, the 95%
confidence intervals for the differences between the

Table 1 Patients Characteristics. Data are presented as mean = SD
or numbers (n)

Non Smokers Smokers
(n = 25) (n = 25)
Age (years) 68 £ 15 64 £ 16
Gender (m/f) 17/8 18/7
Ht (cm) 166 £ 11 165+ 9
Wt (kg) 78 + 14 79 £ 11
BMI (kg/m2) 28 +£3 29 £3
Pack-year 12+12 127+ 24
HTN (n) 19 18
CAD (n) 12 18
CHF (n) 4 3
Valvular disease (n) 17 12
Diabetes mellitus II (n) 10
COPD (n) 0 3
Dyslipidemia (n) 9 13
Others (n) 8 6
Cardiopulmonary bypass time (min) 68 £ 38 71 + 39
Cross clamp time (min) 49 + 24 45 £ 29

HTN Hypertension, CAD Coronary artery disease, CHF Congestive
heart failure, COPD Chronic obstructive pulmonary disease

* p <0.05

estimated and true F,O, (i.e., estimated-true F;0,) were
1.92% and 1.81% in non-smokers and smokers respectively.
Similarly strong and significant correlations were observed
between the true and estimated P,0,/F;0, ratios in non-
smokers (> = 0.9530; p < 0.05) as well as in smokers
(> = 0.9675; p < 0.05).

The Bland—Altman analyses revealed strong agreements
with tight biases between the true and estimated F;0,
values in non-smoking patients (bias: 3.1%; limit of
agreement range: —4.7%-10.9%) (Fig. 3) as well as in
smoking patients (bias of 4.1%; limit of agreement range:
—4.6%-12.8%) (Fig. 4). The differences between the
estimated and true F;O, values in both non-smoking and
smoking patients were not statistically significant. More-
over, strong agreements and tight biases were observed
between the true and estimated P,0,/F;O, ratios in non-
smokers (bias: —18 mmHg; limit of agreement range:
—57 mmHg-21 mmHg) (Fig. 5) as well as in smokers
(bias: —16 mmHg; limit of agreement range: —51 mmHg—
20 mmHg) (Fig. 6).

4 Discussion
The findings of the current study indicate that El-Khatib-

Chatburn formula possesses sufficient accuracy and con-
sistency to predict the fraction of inspired oxygen that will
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Table 2 Hemodynamic variables at different fractions of inspired oxygen (FiO,)

F102

100% 80% 60% 40%

Non-smokers ~ Smokers Non-smokers  Smokers Non-smokers ~ Smokers Non-smokers  Smokers

(n = 25) (n = 25) (n = 25) (n = 25) (n = 25) (n = 25) (n = 25) (n = 25)
HR (beats/min) 81 + 21 78 + 14 80 + 21 74 + 13 80 + 20 75 + 12 80 + 18 75 + 13
Temp (°C) 3554+ 0.8 357+£06 3544038 356 £06 355+09 357+07 356+09 357 +£ 0.7
SBP (mmHg) 115 + 19 119 + 21 118 + 19 120 + 19 115 £ 19 121 + 25 117 £ 19 119 + 25
DBP (mmHg) 62 + 14 61 + 12 62 £+ 12 60 £+ 13 60 + 14 58 £ 17 61 £ 13 58 + 12
MBP (mmHg) 79 + 14 80 + 14 80 + 13 80 + 13 78 + 15 79 + 18 80 + 14 78 £+ 15
SPAP (mmHg) 30+ 8 28 + 8 31+9 29 +9 32 + 12 29 +9 33+ 12 30+ 8
DPAP (mmHg) 15+4 15+ 4 15+5 14+5 15+7 14+6 15+ 7 15+5
MPAP (mmHg) 20+ 5 19+£5 20+ 6 19+ 6 21+ 38 19+6 21 + 8 20+ 6
Hb (g/dL) 117+ 14 11.2 £ 1.1 113+ 14 107 £ 1.6 11.1 +£1.3 104+16 109 +1.3 103+ 1.5

Data are presented as mean &+ SD

HR Heart rate, SBP systolic blood pressure, DBP diastolic blood pressure, MBP mean blood pressure, SPAP systolic pulmonary artery pressure,
DPAP diastolic pulmonary artery pressure, MPAP mean pulmonary artery pressure, Hb Hemoglobin

Table 3 Ventilatory parameters of non-smoking patients

F.0, 100% 80% 60% 40%

VT (ml) 649 + 114 649 + 114 649 + 114 649 + 114
RR (br/min) 13+ 1 13+1 13+ 1 13+1
PEEP (cmH,0) 540 5+0 540 5+0
PIP (cmH,0) 21+5 21£5 21+5 21£5
Pptatean (cmH,0) 18 £3 18 £ 3 1843 18+ 3

T; (sec) 15+02 15+02 15+02 15+02
pH 7.42 £ 0.05 7.42 £ 0.05 7.42 + 0.06 7.40 + 0.06
P,CO, (mmHg) 3445 33+5 3345 34 +6
P,0, (mmHg) 339 + 86 263 + 69" 188 + 558 122 + 33"
HCO;~ (mEg/L) 211 + 1.7 212+ 17 21.6 £22 215+ 16
S.0, (%) 99.6 + 0.5 99.5 + 0.6 994 4+ 0.8 99.0 & 0.9

Data are presented as mean & SD

PIP peak inspiratory pressure, RR respiratory rate, PEEP positive end expiratory pressure, Ppiaeau Plateau pressure, T; Inspiratory time

" p < 0.05 compared to F,0, of 100%
¥ p < 0.05 compared to F,0, of 80%
7 p < 0.05 compared to F,0, of 40%

result in a targeted arterial oxygen tension as well as the
P,O,/F,0, ratios in non-smoking and smoking patients
receiving mechanical ventilation following open heart
surgeries.

As early as 1973, Benatar et al. [11] developed the iso-
shunt diagrams based on a series of 44 arterial blood gas
measurements obtained from 4 patients in an attempt to
understand and quantify the relationship between F;0, and
P,O,. Despite being cumbersome and complicated, the iso-
shunts have been considered to date the gold standard for
the understanding and quantification of the P,0,-F;0,
relationship. However, several studies have attempted to

@ Springer

express P,0,—F;0, relationship in a more simplified and
easy to use mathematical expression [2, 3, 12]. Most of the
derived relationships are complicated, cumbersome and
even limited in accuracy [5]. It was not until recently that
Al-Otaibi and Hardman developed a simple, easy, and
straightforward mathematical expression for predicting the
new P,0, following a step change in F,O, [6, 7]. With Al-
Otaibi and Hardman mathematical expression, all what is
needed for the accurate prediction of P,0, is the applied
change in F;O, and one previous and known combination
of P,0,—F,0, values. The mathematical expression for the
P,0,-F,O, relationship validated in the current study
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Table 4 Ventilatory parameters of smoking patients

F.0, 100% 80% 60% 40%

VT (ml) 662 + 94 662 + 94 662 + 94 662 + 94
RR (br/min) 14 + 1 14 +£1 14+ 1 14 +£1
PEEP (cmH,0) 540 5+0 540 5+0
PIP (cmH,0) 21 +4 21 + 4 21+ 4 21 +4
Pptatean (cmH,0) 18 £3 18 £ 3 18+3 18+ 3

T; (sec) 14+02 14 +£02 14 402 14 +02
pH 7.40 £ 0.05 7.40 & 0.05 7.39 + 0.06 7.39 + 0.06
P,CO, (mmHg) 34+ 4 3545 36+ 6 36+ 6
P,0, (mmHg) 340 + 91 265 + 76" 193 + 628 128 + 36"
HCO;~ (mEq/L) 213+28 219 + 3.7 21.8 +£2.7 213 + 2.1
S.05 (%) 99.6 + 0.7 99.6 + 0.5 99.2 + 0.8 98.8 + 1.2

Data are presented as mean £+ SD

PIP peak inspiratory pressure, RR respiratory rate, PEEP positive end expiratory pressure, Ppaeay Plateau pressure, T; Inspiratory time
" p < 0.05 compared to F,0, of 100%

¥ p < 0.05 compared to F,0, of 80%

Al p < 0.05 compared to F,0, of 40%
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Fig. 1 Regression analysis between estimated and true F;O, values for patients who are non-smokers

differs from Al-Otaibi and Hardman mathematical
expression in the sense that ours is presented to predict the
required F;O, to achieve or target a desired P,O, value. So

managing oxygenation and F;O, requirements in critically
ill and mechanically ventilated patients. As such, our
mathematical expression can provide a clinically more

rather than predicting what the new P,0, would be fol-
lowing a step change in F;O,, predicting the new F;O, that
will achieve a targeted or desired P,O, and P,O,/F;O, ratio
is more appropriate and more useful for clinicians in

relevant form of the relationship between P,0O, and F,0,.

The patients’ disease mix in Al-Otaibi and Hardman’s
study is different than the patients mix in the current study
[5, 6]. Eighty-one (68%) patients in Al-Otaibi and
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Fig. 2 Regression analysis between estimated and true F,O, values for patients who are smokers
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Fig. 3 Bland-Altman analysis with the bias (solid line) and 95% limit of agreement (dashed lines) between estimated and true F;O, in patients

who are non-smokers

Hardman were post-cardiac surgery and the remaining 32%
were patients with active lung diseases (e.g., acute respi-
ratory failure, ARDS, pneumonia) as opposed to the
patients in the current study who were all (100%) post-
cardiac surgery patients. As such, mixing patients with
active and non-active lung diseases might not be optimal

@ Springer

for validation of P,0,—F;O, relationship due the potential
effects of existing V/Q mismatches and hemodynamic
status and subsequently the existence of such physiological
conditions on the response to changes in F,0,. Also, Al-
Otaibi and Hardman did not stratify their patients by
smoking history. Our data shows that smoking history



J Clin Monit Comput (2017) 31:999-1008

1005

20

15
Mean +1.96 SD

[
o

w

Mean :

o

w
o
N
o

50 60

'
w

Difference between true and estimated FiO2(%)
KN
o

KN
w

-20

70 80 90 100

Mean of true and estimated FiO2 (%)

Fig. 4 Bland-Altman analysis with the bias (solid line) and 95% limit of agreement (dashed lines) between estimated and true F;O, ratio in
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Fig. 5 Bland-Altman analysis with the bias (solid line) and 95% limit of agreement (dashed lines) between estimated and true P,0,/F;O; ratio in

patients who are non-smokers

might not be a significant factor in the relationship between
P,O, and F;O, particularly when patients are not in any
active lung disease. In the current study, significant levels
of correlation and agreements were observed between true
and estimated F;O, as well as between true and estimated

P,0,/F;0; ratios in both non-smoking and smoking patients
clinically cleared to undergo open heart surgeries.
Al-Otaibi and Hardman did not consider the effects of
multiple changes in F;O, values in the same patient [6, 7].
Furthermore, the range of changes in F;0, value in their
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Fig. 6 Bland-Altman analysis with the bias (solid line) and 95% limit of agreement (dashed lines) between estimated and true P,0,/F;O; ratio in

patients who are smokers

study was a very narrow range from 48 to 60% [7]. In
their validation, they did not include values of P,O, from
the same patient but different P,O, values corresponding
to multiple and different F,O, values from different
patients. Two patients could have very different V/Q
distribution, cardiac output, and shunt yet have the same

20 .
19 |
18 |
17 |
16 |
15 |
14 |
13 |
12 |
11 |

=
o

Difference between estimated and true F,0, (%)

O B N W & U1 OO N 0 VO

P,O, at the same F;O,. But when F;O, is changed by the
same amount in the two patients, their P,0, would not
necessarily change by the same amount. The more shunt
and the less V/Q inequality there is, the less will P,O,
increase for a given increase in F;O,. This concern was
considered and avoided in the current study during which

20

40 ‘ 60

Magnitude of change in F,0, (%)

Fig. 7 Whisker and Box plot for the differences between estimated and true F,O, at different magnitudes of changes in F,0,
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several changes in F;O, that cover the whole clinical range
of F,0, were applied in the same patient (40, 60, 80, and
100%).

Patients in the Al-Otaibi and Hardman’s study were
receiving a variety of ventilatory support modes including
volume-controlled, pressure-controlled, and pressure-sup-
port ventilation with some of their patients exhibiting
spontaneous breathing activities during their mechanical
ventilatory support [7]. This could have significantly
affected the V/Q mismatch and cardiac output and subse-
quently the response of P,0, to changes in F,O,. In con-
trast, in the current study patients were fully sedated with
no spontaneous breathing activity and were receiving the
same mode and settings for mechanical ventilation
throughout the experimental protocol. Such experimental
design where only F;O, is changed will allow for more
accurate estimation of the P,0,—F;0, relationship and
allows for better validation of the mathematical expression.
Also, it is unlikely that our patients had clinically signifi-
cant V/Q mismatches; otherwise, sudden and significant
drops in oxygenation would have occurred below a certain
F,O, level. In such events, an exponential interpolation of
the P,O,—F;0, relation would have been more appropriate.

Our data show that our modified equation resulted in
95% confidence intervals for the differences between
estimated and true F;O, values that are less than 2% for
both patients who are non-smokers and smokers. From a
clinical perspective, this is clearly a narrow 95% confi-
dence interval for the differences between estimated and
true F;O0,. Also, our results show that there is a non-sta-
tistically significant tendency for overestimating rather
than underestimating FiO2. Clinically speaking, this can
provide some level of safety margin as it is almost always
better to overestimate FiO2 rather than underestimate FiO2
and expose the patients to risks of hypoxia.

In our study, periods of 20 min of stabilization were
allowed following each step change in F;O, before any data
collection. This was essential to allow for adequate equi-
libration of P,0, to occur after F;O, changes [13].

Several issues should be considered prior to general-
ization the findings of the current study. First, the modified
formula for the prediction of F;O, was tested in two cohort
groups of patients with no active lung diseases and
receiving mechanical ventilation for post cardiac surgery
management. Also all our patients were clinically and
hemodynamically stable. As such, patients with significant
lung diseases and/or patients with unstable pathophysio-
logical states may not reproduce similar findings. As such,
other patient populations (e.g. asthmatics) might need to be
treated using an equation with different parameter values
than those used in the current equation. Patients who are
receiving PEEP levels greater than 5cmH,O and/or are
actively breathing during the mechanical ventilatory

support might also be treated using an equation with dif-
ferent parameters than those used in the current equation.

Our method is equally good at predicting new F,O,
values for large and smaller magnitudes of F;0, changes.
The Box and Whisker plot for the differences between the
estimated and true F,O, values for the three possible
magnitude of changes in F,0, (i.e., 20%, 40%, and 60%)
shows comparable medians and interquartiles (Fig. 7).
Furthermore, the modified equation for the prediction of
F,O, validated in this study is simple and straightforward
and can be solved using widely available hand held cal-
culators and applications for calculators on smart phones.
By using this equation in daily practice at the bedside,
clinicians may be able to minimize their dependence on
arterial blood gas samplings for the management of oxy-
genation and oxygen requirements of open heart patients
receiving mechanical ventilation in the post-operative
period. Valuable resources and time spent on arterial
punctures, arterial cannulations, as well as collecting,
transporting, and analyzing arterial blood samples might be
saved with the use of such formula that can ultimately lead
to more clinical efficiency and reduction of health care
costs. Future studies will be needed to confirm these
postulations.

In conclusion, our results confirm the utility of a new
and simple predictive formula for management of oxy-
genation in mechanically ventilated patients following
open heart surgeries.
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