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6. Deep Learning (DL)
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1. Posterior fusion

2. Anterior fusion

3. Posterior-Anterior fusion

4. Cerebral Palsy

5. Posterior Lumbar Interbody Fusion (PLIF)
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11. Outlier
12. Institutional Review Board (IRB)
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7. Artificial Neural Networks (ANN)

8. Convolutional Neural Network (CNN)

9. Gated Recurrent Unit (GRU)

10. Simple Recurrent Neural Network (SimpleRNN)
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25. Taylor’s Diagram

26. Standard Deviation (SD)
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ed the highest sensitivity (74%) and accuracy out difficult intubation with a high NPV of
(79%) compared to the Upper Lip Bite Test 92%. Thus, PPS is a more reliable screening
(ULBT) and Mallampati Test (MPT). While tool for anticipating difficult intubation in dia-
PPS showed slightly lower specificity than betic patients undergoing surgery.

ULBT, it was more effective overall in ruling
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Test Sensitivity | Specificity | PPV (%) NPV (%) Accuracy
(%0) (%0) (%0)

PPS 74 81 50 92 79

ULBT 11 84 26 87 50

MPT 26 81 29 81 72

Figure 1: shows the comparative chart of performance metrics for the three tests.
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Discussion

This study confirms that diabetic patients are
at higher risk for difficult intubation due to
limited joint mobility. Among the three assess-
ment tools examined, PPS emerged as the most
reliable, with higher sensitivity and accuracy
in predicting difficult laryngoscopy. Previous
studies in Iran and internationally support PPS
as a valid predictor in diabetic populations. In

contrast, ULBT demonstrated poor sensitivity,

ULBT MPT

limiting its standalone utility. Combining mul-
tiple tests could improve predictive accuracy in

preoperative assessments.

Conclusion

This study evaluated three common airway as-
sessment tools in diabetic patients and found
that the Palm Print Sign (PPS) demonstrat-
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This study seeks to compare PPS, ULBT, and
MPT in predicting difficult intubation among
diabetic patients and determine the most reli-
able predictor for early identification of chal-

lenging airways in this population.

Material and Methods

Following ethical approval from Rafsanjan
University of Medical Sciences (IR.RUMS.
REC.1398.213), this descriptive study was con-
ducted at Moradi Hospital from 2021 to 2023.
A total of 130 diabetic patients undergoing gen-
eral anesthesia were enrolled. Inclusion criteria
included age above 30 years, ASA class I or II,
and at least one year of diabetes history. Exclu-
sion criteria included pregnancy, emergency
surgeries, anatomical deformities, previous dif-
ficult intubation, and conditions such as rheu-
matoid arthritis, carpal tunnel syndrome, or Du-
puytren>s contracture. After informed consent,
demographic data were collected. Each patient
underwent the following airway assessments:
- Palm Print Sign (PPS): The dominant hand
was inked and pressed onto paper. Scores
ranged from Grade 0 (all finger creases visible)
to Grade 3 (only fingertips visible).

- Upper Lip Bite Test (ULBT): Patients at-
tempted to bite their upper lip with the lower
incisors. Class 3 was considered indicative of
difficult intubation.

- Mallampati Test (MPT): Conducted with the

Comparison of Palm Print Sign, Upper Lip Bite Test, and Mallampati Score in Predicting Difficult Endotracheal Intubation

in Diabetic Patients Referred to Moradi Hospital, Rafsanjan, Iran

patient seated, mouth fully open, tongue pro-
truded. Class 3 or 4 suggested difficult intuba-
tion.

Intubation was performed under general an-
esthesia by a blinded anesthesiologist using
standard drugs and equipment. Cormack-Le-
hane (CL) scores were recorded during laryn-
goscopy as the reference standard for airway
difficulty (Grade 3 or 4 = difficult). Statistical
analyses were performed using SPSS v21, with
chi-square, Fisher’s exact test, one-way ANO-

VA, and Spearman correlation.

Results

A total of 130 diabetic patients were included.
The mean age was 64.84 + 8.44 years, with
56.2% females and 43.8% males. Based on Cor-
mack-Lehane scores, 81.5% of patients had easy
intubation (Grade 1 or 2), while 18.5% had dif-
ficult intubation (Grade 3). No cases of Grade 4
were reported. No significant differences were
found between age, weight, or sex and intuba-
tion difficulty (p > 0.05). However, there was a
significant correlation between the duration of
diabetes and difficult intubation (p < 0.05).
Table 1 summarizes the diagnostic performance
of PPS, ULBT, and MPT. Among the three,
PPS had the highest sensitivity (74%) and NPV
(92%), indicating its reliability in ruling out dif-
ficult intubation. ULBT had the lowest sensitiv-
ity (11%) and overall accuracy (50%).
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each patient underwent airway assessment using PPS, ULBT, and MPT. An anesthesiologist
blinded to the results performed the intubation and recorded the Cormack-Lehane (CL) score.

Data were analyzed using SPSS v21.

Results: PPS demonstrated a sensitivity of 74%, specificity of 81%, positive predictive value
(PPV) of 50%, negative predictive value (NPV) of 92%, and accuracy of 79%. ULBT showed
11% sensitivity, 84% specificity, 26% PPV, 87% NPV, and 50% accuracy. MPT had 26% sensi-
tivity, 81% specificity, 29% PPV, 81% NPV, and 72% accuracy.

Conclusion: The Palm Print Sign exhibited the highest sensitivity among the three methods
and proved to be the most reliable screening tool for predicting difficult intubation in diabetic

patients.

Keywords: Diabetes Mellitus, Difficult Intubation, Mallampati Test, Palm Print Sign, Upper Lip

Bite Test

Introduction

Diabetes mellitus is a prevalent metabolic dis-
order characterized by chronic hyperglycemia,
leading to pathophysiological changes in mul-
tiple organ systems, including musculoskeletal
structures. One of the important chronic com-
plications is Limited Joint Mobility (LJM),
which results from non-enzymatic glycosyla-
tion of collagen and subsequent deposition in
joints. LJM is present in approximately 25—
45% of long-standing diabetic patients. Partic-
ularly, atlanto-occipital joint stiffness restricts
neck extension during laryngoscopy, contribut-

ing to difficult intubation. Reports indicate that

27-31% of diabetic patients experience diffi-
cult airways during surgical procedures.

The earliest glycosylation changes are often
detected in the 4th and 5th finger joints, lead-
ing to difficulty in bringing the fingers and
palm together. The Palm Print Sign (PPS), de-
veloped by Reissell et al., and the Prayer Sign
(PS) were designed to capture this phenome-
non. Other bedside airway evaluation methods
include the Mallampati Test (MPT), Upper Lip
Bite Test (ULBT), thyromental distance, and
head extension assessment. Despite their wide-
spread use, these methods vary in sensitivity
and specificity, and no single test alone offers

optimal prediction.
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I Abstract

Introduction and Objective: Diabetes mellitus is a common metabolic disorder that leads to
chronic complications in multiple organ systems, including the musculoskeletal system. One of
these complications, Limited Joint Mobility (LJM), may result in difficult laryngoscopy due to re-
stricted atlanto-occipital extension. The Palm Print Sign (PPS), Upper Lip Bite Test (ULBT), and
Mallampati Test (MPT) have been proposed as predictors of difficult airway. This study aimed to

compare the effectiveness of these tests in predicting difficult intubation among diabetic patients.

Material and Methods: This descriptive study included 130 diabetic patients undergoing gen-

eral anesthesia at Moradi Hospital in Rafsanjan from 2021 to 2023. Following informed consent,
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detomidine infusion rates were initially set at
3.54 ng/kg/h and 5.5-6 pg/kg/h respective-
ly. Following lidocaine injection, the surgery
paused for 10 minutes for drug absorption, and
infusions were halted during this period. Two
minutes prior to suctioning, due to anticipated
nociceptive stimulation from cannula insertion,
intravenous fentanyl 1.5 pg/kg was adminis-
tered. As suctioning commenced, the infusions
resumed at initial rates. During the lateral posi-
tion, infusion volumes were reduced by 3 mL

due to improved tolerance. In the supine posi-

REFERENCES

tion toward the end of the procedure, drug in-
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Introduction

In anesthesiology, general anesthesia is a re-
versible state induced by medications, charac-
terized by complete unconsciousness, amnesia,
analgesia, and immobility, while maintaining
physiological stability (1). Moderate sedation
may be utilized in combination with a moni-
tored anesthesia care (MAC) approach as de-
fined by the American Society of Anesthesiolo-
gists (ASA), wherein the patient remains under
constant monitoring with drug-induced seda-
tion but without invasive airway management
(2). Patients under this technique typically re-
spond purposefully to verbal commands, either
alone or accompanied by light tactile stimula-
tion (3,4). Liposuction, a procedure with thera-
peutic, cosmetic, and palliative applications, is
one of the most popular methods for correcting

obesity, particularly localized fat accumulation

(3).

Case Presentation

This study was conducted at Bou Ali Hospital
and Zafar Ambulatory Surgery Center, where
the average bed turnover rate for liposuction
procedures ranged from eight to ten surgeries
per day, offering an optimal field for research.
Selected patients underwent preoperative eval-
uation, lab testing, and imaging, followed by

admission and fasting under nursing supervi-

Bn——————

A Case Experience of MAC Anesthesia with Moderate Sedation in Extensive Liposuction

sion. After preoperative anesthesia consultation
and ASA physical status classification, patients
with ASA class I were scheduled for surgery.
Pre-medication was administered in the ward
based on physical and mental status. In our ex-
perience, clonidine, a central alpha-agonist, was
used orally at a dose of 1 pg/kg for hemodynam-
ic stability and anxiolysis. Upon entering the
operating room, patients were monitored with
standard non-invasive equipment, and bilateral
intravenous access was secured using 20G an-
giocatheters. Warm intravenous fluids were ini-
tiated to maintain fluid and electrolyte balance
and minimize heat loss. The cornerstone of our
anesthesia protocol was the use of continuous
infusion via infusion pumps. One line delivered
remifentanil 2 mg diluted in 50 mL distilled wa-
ter via syringe pump; the other contained dex-
medetomidine 100 pg, propofol 200 mg (2%),
and 39 mL distilled water in a 50 mL syringe.
Gel headrests were placed for comfort during
positional changes. For airway management, a
green face mask with 5—7 L/min oxygen flow
was used. Preoperative medications included
midazolam 30 pg/kg, fentanyl 1 pg/kg, and li-
docaine 0.5 mg/kg intravenously.

At the start of the procedure, the surgical team
administered 5% lidocaine (35-55 cc/kg) via
subcutaneous injection, with or without epi-
nephrine. To improve pain control during the

injection, remifentanil and propofol-dexme-
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I Abstract

This article presents a clinical experience using monitored anesthesia care (MAC) with mod-
erate sedation in extensive 360-degree liposuction surgery, incorporating lidocaine-based local
anesthesia. The study was conducted at two surgical centers with high procedural turnover, pro-
viding a robust setting for evaluating this anesthesia modality. The protocol included premedi-
cation with clonidine, intraoperative infusion of remifentanil, dexmedetomidine, and propofol,
and subcutaneous lidocaine infiltration. The outcomes demonstrated effective pain management,
patient cooperation during position changes, hemodynamic stability, and favorable recovery pro-
files. Benefits over general anesthesia included quicker discharge, reduced complications, and
enhanced patient satisfaction. This approach may serve as a viable alternative in selected patients

undergoing extensive cosmetic procedures.
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tionships between features are often present,
which RNNs are particularly adept at handling.
While GRUs are also designed for sequential
data, they employ a simplified architecture
compared to standard RNNs, which may limit
their ability to capture intricate dependencies
in smaller or highly specialized datasets. Con-
versely, CNNs are primarily used for spatial
pattern recognition and are less effective at
capturing temporal dependencies, as they lack
the recurrent structure inherent to RNNs. This
recurrent structure allows RNNs to retain in-
formation over time, making them especially
suited for predicting medical needs that may
depend on a sequence of related patient data.
Figure 5 illustrates the error distribution of
PRBC predictions across different patient
groups using the RNN model. The results show
that patients who received fewer PRBC units
(0-3) exhibited a lower prediction error, as rep-
resented by green markers. This suggests that
the RNN model achieves greater accuracy in
cases with lower PRBC requirements, possibly
due to a more consistent relationship between
model features and outcomes within this range.
In contrast, patients who received higher PRBC
volumes, particularly those in the 8—11 range
(shown in red), experienced larger prediction
errors. This increased error may be due to great-
er variability in the clinical characteristics of pa-
tients requiring higher PRBC volumes, which
the model may find challenging to capture.

B0n—————

Predicting Intraoperative Transfusion Requirements in Spinal Fusion Surgery Using Deep learning

5. CONCLUSION

This study developed and evaluated novel deep
learning models to predict the required intra-
operative PRBC (Packed Red Blood Cells)
units in spinal surgeries, using multiple preop-
erative features to improve resource allocation
and cost-effectiveness in surgical care. Among
the models tested, the RNN (Recurrent Neural
Network) demonstrated superior performance,
likely due to its ability to capture sequential
dependencies inpatient data, which is crucial
for accurately predicting PRBC needs. The
study’s findings highlight the potential of deep
learning algorithms in optimizing blood trans-
fusion strategies, ultimately enhancing patient
outcomes and resource management in clinical
settings.

However, certain limitations should be ac-
knowledged, such as the single-center dataset
and limited patient information, which may re-
strict the generalizability of the findings. Fu-
ture research should focus on utilizing multi-
center data and a larger patient population to
strengthen the model’s accuracy and applica-
bility. Additionally, integrating a broader range
of clinical features could further improve mod-
el performance, paving the way for more ro-

bust predictive models in healthcare.
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Figure 5. Error distribution plots for the RNN model.
4. DISCUSSION

This study employed novel deep learning al-
gorithms to predict the required intraoperative
PRBC (Packed Red Blood Cells) units in spi-
nal surgery. A review of the literature reveals
that, although previous studies have explored
RBC transfusion prediction in various surgi-
cal contexts, none have specifically focused on
predicting the precise number of PRBC units
required. Utilizing powerful deep learning
tools to forecast intraoperative PRBC require-
ments is crucial, as it helps to conserve blood
resources, reduce costs, and ensure the timely
availability of PRBC units during surgery.

In this study, data from 394 patients who un-

derwent lumbar and thoracic posterior fusion

surgery were analyzed. Nineteen influential
characteristics were identified through rele-
vancy factor analysis. Using these features,
three novel deep learning models were devel-
oped and compared. The results from Taylor
diagrams and cumulative frequency analyses
demonstrated that the RNN (Recurrent Neural
Network) model outperformed the GRU (Gated
Recurrent Unit) and CNN (Convolutional Neu-
ral Network) models in predicting the required
PRBC units for patients. This superior perfor-
mance can be attributed to the RNN’s ability to
capture sequential patterns and dependencies
in the data. In anesthesia and intensive care
data—especially for predicting intraoperative

needs—subtle temporal and sequential rela-
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Figure 4. Relevancy factor for features’ impact on the units of PRBC transfusion.

Figure 5 shows data from 394 patients each
patient is represented on the horizontal axis
(Case Number), and the vertical axis displays
the difference between the actual and predicted
PRBC (Packed Red Blood Cells) units for each
patient as predicted by the deep learning RNN

model. The data is divided into three groups:

patients who received 0 to 3 units of PRBC are
shown in green, indicating lower error levels;
those who received 4 to 7 units are represented
in blue; and patients who received 8 to 11 units
of PRBC are shown in red, exhibiting higher

error levels.
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3.3. Applicability Domain of the Model

Figure 3 displays outliers identified by the de-
veloped RNN model on a dataset of 394 pre-
dictions for PRBC transfusions. Most of the
predicted points lie within the model’s feasible
domain (0 <hat <0.12 and -3 <R < 3), affirm-
ing the modebs statistical soundness and high
reliability. Around 98.22% of the predictions

fall within this acceptable range, and while

some outliers do exist, they can be overlooked
given the large dataset used in model creation.
Points that fall beyond R <-3 or R > 3 are clas-
sified as <Bad High Leverage,» irrespective of
their hat value (hat*). Although these points
may still represent well-predicted values, their
positioning outside the model’s range is likely

due to the data volume.

Standardized residuals
]

0.15 0.2 0.25

® Valid data
Leverage limit

A Suspected data

Hat

® Qut of leverage data

—eo—Upper suspected limit —e—Lower suspected limit

Figure 3. Outliers for the resulting outputs by the developed RNN model.

Figure 4 displays the relevancy factor values
for the input parameters. This signifies that
altering the value of each input impacts the

PRBC transfusion. Among the 19 input param-

eters, surgeon ID, partial thromboplastin time,
chronic obstructive pulmonary disease, level of
surgery, and heart disease exhibit the least ef-
fect on PRBCs transfusion.
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This figure reinforces the effectiveness of the presented in Figures 1 and 2 are used to rank
proposed RNN model over the other models the developed models based on their accuracy:
for predicting PRBC transfusions. The results RNN > CNN > GRU
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Figure 2. Cumulative frequency vs. RMSE for all developed models.
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they often arise in actual data. The presence
of outliers can negatively affect the reliabili-
ty and accuracy of predictive models, making
it crucial to identify and address them during
model development. One effective method for
detecting outliers is the leverage approach,
which evaluates how much influence a partic-
ular observation has on the fitted model. This
method involves calculating the model>s devi-
ation from the actual data to identify points that
significantly impact the models parameters
[24]. When leverage values exceed a defined
threshold, those observations are classified as
high leverage points. These points are typi-
cally associated with increased uncertainty, as
they can disproportionately affect the results of
the analysis. By identifying and appropriately
managing outliers, the robustness of the model
1s increased and more accurate predictions and

interpretations of the basic data are ensured.

3. RESULTS

3.1. Model Development

In this study, 394 data points were used to mod-
el and predict the units of packed red blood cells
(PRBCs). The deep learning model incorporat-
ed 19 features, as outlined in the data collection
section, as inputs, while the target variable was
the intraoperative transfusion units of PRBCs.
These data points were analyzed using three
different methods: Convolutional Neural Net-

JISAIC / 46th Years, No. 121, 2nd Course, Vol. 2, No. 1, Spring 2023

work (CNN), Gated Recurrent Unit (GRU), and
SimpleRNN (RNN). For all the models, 70% of
the data was designated for training, while the
remaining 30% was set aside for testing. Ran-
dom distributions were employed to split the
data into training and testing sets, ensuring that

localized data accumulation was avoided.

3.2. Evaluation of the Validity and Precision
of the Developed Models

Figure 1 employs Taylors diagram for graphi-
cal precision and validity analysis, integrating
various statistical variables to provide a clearer
representation of predicting the units of PRBCs
transfusion. Statistical metrics such as standard
deviation (SD), root mean square error (RMSE),
and correlation coefficient (R?) are utilized for
each model—CNN, GRU, and RNN—to as-
sess the discrepancy between predicted and
actual data. The centered RMSE is calculated
as a measure relative to the overall reference
point. An ideal predictive system is represented
by a point with an R? value of 1, serving as a
benchmark in the Taylor diagram. For the RNN
model developed in this study, the SD, RMSE
and R? values were found to be 1.66, 0.95 and
0.9, respectively. To aid in comparing models,
Figure 2 presents the cumulative frequency of
RMSE across all models. The results indicate
that around 90% of PRBC transfusion predic-
tions made by the developed RNN and CNN
models have an RMSE below 2%. In contrast,
the GRU model shows an error rate of 65%.
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2.2. Modeling

A Convolutional Neural Network (CNN) is a
deep learning model designed to automatically
and adaptively learn spatial hierarchies of fea-
tures from input data. It is particularly effective
in handling grid-like data structures, through
its use of convolutional layers that scan the in-
put in small, localized regions. CNNs consist
of multiple layers, including convolutional,
pooling, and fully connected layers, allowing
them to capture complex patterns and relation-
ships [20]. The convolutional layers identify
relevant features, while pooling layers reduce
dimensionality, making the model more effi-
cient. This structure enables CNNs to excel in
tasks like solving regression problems.

The Gated Recurrent Unit (GRU) is a type of
recurrent neural network designed to effective-
ly capture dependencies in sequential data. It
features gating mechanisms, specifically the
update gate and reset gate, which allow the
model to control the flow of information and
determine what to keep or forget at each time
step. This architecture helps GRU overcome the
vanishing gradient problem, enabling it to learn
long-range dependencies. GRUs are computa-
tionally efficient while providing performance
comparable to more complex models [21].
The SimpleRNN (RNN) model is a type of re-
current neural network used for processing se-

quential data. It maintains a hidden state that is

Bn——————

Predicting Intraoperative Transfusion Requirements in Spinal Fusion Surgery Using Deep learning

updated at each time step by taking in the cur-
rent input and the previous hidden state, which
allows it to capture dependencies within the se-
quence. SimpleRNN is prone to issues like the
vanishing gradient problem, which can limit its
effectiveness in handling long sequences. It is
computationally efficient and is mainly applied

to short-sequence regression problems [22].

2.3. Sensitivity Analysis

Sensitivity analysis is a critical process in mod-
eling, as it examines how variations in mod-
el inputs can lead to changes in the modebs
outputs. This is particularly important because
uncertainty in the input parameters can signifi-
cantly influence the uncertainty of the results
produced by the model. Through sensitivity
analysis, one can evaluate the correlation be-
tween various model inputs and outputs, which
helps in identifying any potential errors or dis-
crepancies in the modeDs structure. A reliable
approach for conducting sensitivity analysis is
the relevancy factor analysis [23]. The relevan-
cy factor indicates the strength of the relation-
ship between an input and the output: a higher
relevancy factor signifies a greater influence of

that input on the modelys results.
2.4. Outliers Diagnosis

Outliers are observations that deviate signifi-

cantly from the overall pattern of a dataset, and
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Features

Mean + SD

Features

Percentage of the total sample

Age (y)

4943 £16.04

Gender (F, M)

F:49.49 %
M: 50.51 %

Body weight (kg)

72.83 + 11.88

Surgeon ID

#12: 51.52 %
#14: 21.57 %
#19: 13.71 %
#7:5.84 %
#10: 1.01 %
#15:0.76 %
#21: 0.51 %

333333

22,23,24,25, and 26: 0.25 %

Height (cm)

167.57 + 8.87

Level of surgery

Thoracic: 14.72 %
Lumbar: 55.3
3%
Thoracic and lumbar: 29.95 %

PT (s)

11.9+1.46

Number of

surgery levels

1:33%
2:27.66 %
3:26.14 %

4: 1548 %
5:16.5 %
6:4.82 %
7:2.54 %
8:1.52 %
9and 10: 1.01 %

INR

1.14+0.14

ASA class

1:61.68 %
2:2995 %
3:7.11 %
4:127 %

Hb (g/L)

12.56 £ 1.69

DM

Yes: 9.64 %
No: 90.36 %

Hct (%)

3743 +£4.77

HTN

Yes: 21.07 %
No: 78.93 %

PLT

2204492 +
70771.3

HD

Yes: 5.58 %
No: 94.42 %

PTT (s)

31.08+2.61

COPD

Yes: 1.52 %
No: 98.48 %

PRBC
transfusion units

1.75+2.11

History of spinal
surgery

Yes: 5.58 %
No: 94.42 %

Table 1. Statistical breakdown of the input features.
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2. MATERIAL AND METHODS

2.1. Data Collection

The study was approved by the appropriate In-
stitutional Review Board (IRB), and written in-
formed consent was obtained from all subjects,
a legal surrogate, the parents or legal guardians
of minor subjects, or the IRB waived the re-
quirement for written informed consent (the
date of IRB approval is 25-04-2023). Consider-
ing the necessity of preserving and respecting
the confidentiality of patient information and
its relevant code of ethics, it is obvious that the
executor is obligated to observe the confiden-
tiality of the matters mentioned above. Under
the ethics code IR, this study received approval
from the Ethical Committee of Al-Zahra Hos-
pital, Isfahan University of Medical Sciences.
MUILMED.REC.1402.053. Data were sourced
from the records of 599 patients who under-
went lumbar and thoracic fusion surgery at
Al-Zahra Hospital>s operating room between
February 2019 and March 2023. Among them,
203 individuals were excluded due to incom-
plete files. The study collected 394 datasets of
demographic features, such as gender (f, m),
age (years), body weight (kg), height (cm),
surgeon ID, surgery level, history of previ-
ous spinal surgery, number of surgical levels,
American Society of Anesthesiologists (ASA)
classification, comorbid diseases (diabetes, hy-

pertension, heart disease, chronic obstructive

B————————

pulmonary disease), international normalized
ratio, prothrombin time (seconds), hemoglo-
bin (g/L), hematocrit (%), platelet count, par-
tial thromboplastin time (seconds), and units of
PRBCs transfusion—data extraction methods
involved both system-based retrieval and man-
ual collection. The study included all patients
aged 18 and above with ASA scores ranging
from 1 to 4. Table 1 provides a statistical break-

down of these features.
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models, and comprehend complex, nonlinear
relationships often elusive to traditional regres-
sion models underpins the growing populari-
ty of artificial intelligence and deep learning.
Studies focusing on spine patients have show-
cased the potential of deep learning techniques
in achieving improved preoperative risk strat-
ification [16]. Identifying high-risk patients
presents an opportunity to potentially mitigate
transfusion rates and related complications
through enhanced preoperative optimization
or alterations in surgical planning [4]. Artifi-
cial neural networks (ANN), among the most
advanced computer algorithms, have proven
effective in spine surgery prediction [17, 18].
In most of the studies conducted in this field,
an accurate prediction of the number of cell
packs required during surgery has not been
investigated [10, 19]. Despite the promising
results, there remains a scarcity of studies uti-
lizing deep learning algorithms to train models
and identify high-risk variables for the units of
RBCs transfusion during spinal fusion surgery.
The lack of examination of this issue in previ-
ous studies is significant because the limitation
of blood resources in hospitals and the compli-
cations of transfusion are important issues that
can be solved by more accurately predicting
the number of blood units needed before the
operation. The focus of previous studies has

been on whether patients generally need blood

during or after surgery.

Given the importance of predicting and man-
aging the required PRBC (Packed Red Blood
Cell) units to improve outcomes in spinal fu-
sion surgery, this study aims to fill a critical
research gap by using advanced deep learning
techniques to accurately forecast the necessary
blood units. The models employed in this study
include the Convolutional Neural Network
(CNN), Gated Recurrent Unit (GRU), and Sim-
pleRNN (RNN). To validate the optimal model,
a combination of graphical and statistical error
analysis methods was applied. The novelty of
this study lies in its exploration of the powerful
RNN model for predicting the exact number
of PRBC units needed. Additionally, the study
examines the influence of various features on
PRBC transfusion requirements and includes
an outlier analysis. Through the application of
predictive algorithms, it becomes possible to
identify high-risk patients and mitigate poten-
tial complications, contributing to more effi-

cient and effective surgical planning.
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1. INTRODUCTION

A surgical procedure called spinal fusion estab-
lishes a permanent connection between two or
more vertebrae [1]. This treatment is frequently
performed on the lumbar spine, although other
spinal levels, such as the cervical and thoracic
regions, may also undergo spinal fusion. Three
different surgical techniques—posterior, ante-
rior, and posterior-anterior fusion—are utilized
for this procedure. Indications for spinal fusion
include spinal deformities resulting from con-
ditions like cerebral palsy, neuromuscular dis-
ease, scoliosis, trauma, vertebral tumors, me-
chanical injuries due to spinal instability, and
certain reoperations [2-4]. While several surgi-
cal techniques exist for interbody fusion, pos-
terior lumbar interbody fusion (PLIF) stands
as the most commonly employed method due
to its advantageous surgical field and efficient
access [5].

Bleeding is a significant intraoperative compli-
cation during spinal fusion, intensifying risks
both during and after the procedure while po-
tentially compromising its overall success [2, 4,
6]. This complication»s severity hinges on var-
ious factors, including the type of anesthesia,
nature of the injury, fusion method, surgeon ex-
pertise, and patient-specific characteristics. Ex-
cessive bleeding during lumbar fusion surgery

emerges as a primary concern [2]. Presently,

Predicting Intraoperative Transfusion Requirements in Spinal Fusion Surgery Using Deep learning

lumbar spine fusion ranks among the top 10
surgical procedures necessitating blood trans-
fusion due to surgical bleeding, a prevalent is-
sue in spine surgery [7, 8]. Despite red blood
cell transfusions potentially enhancing tissue
oxygenation and preventing hypoperfusion to
the spinal cord and vital organs, studies reveal
a correlation between transfusions and postop-
erative complications [9, 10]. Compounding
this issue is a severe shortage of blood prod-
ucts, leading to a national crisis [9]. Identifying
variables linked to perioperative blood trans-
fusion could aid in the early identification of
high-risk patients, potentially refining existing
transfusion protocols for a more judicious al-
location of blood products [7]. Given the com-
plexity of patients with spine pathology and
the high incidence of complications, numerous
statistical studies have been conducted in this
domain. Artificial intelligence has made sig-
nificant strides in various domains, including
anesthesiology. Its potential to revolutionize
the field spans from providing perioperative
assistance to enhancing critical care provision
and optimizing outpatient pain management
[11-13]. Over the past decade, deep learning
has emerged as a powerful tool for develop-
ing patient-centered predictive models in spine
surgery, offering increased applicability and
accuracy [14, 15]. Their capability to rapid-

ly process extensive data, construct adaptable
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I Abstract

BACKGROUND: Bleeding during surgery is one of the most significant and perilous complica-
tions of spinal fusion surgery. Predicting the need for units of packed red blood cells (PRBC) in
spinal fusion surgery can help identify patients who are at risk and may also reduce the need for
transfusions and associated problems. Utilizing powerful deep learning techniques can lead to a

high degree of predictive capacity.

MMETHODS: The analysis involved 394 patients who underwent posterior fusion of the lum-
bar and thoracic vertebrae. 19 features affecting the number of units of PRBC were used as input.
Subsequently, algorithms were developed using three innovative deep learning techniques to pre-

dict the number of units of PRBC needed during surgery.

RESULTS: The patients included in this study were divided into three categories based on the
units of PRBCs transfused. The findings from the three developed deep learning models demon-
strate that the SimpleRNN offers the most accurate method, yielding RMSE and R2 values of 0.95

and 0.9, respectively, compared to other models.

CONCLUSIONS: Deep learning methods are powerful tools for accurately modeling and pre-
dicting the units of red blood cell transfusions. This capability aids anesthesiologists and surgeons
in predicting the requirement for the number of PRBC units preoperatively, utilizing multiple

features.

Keywords: Bleeding, Deep learning, PRBC transfusion, Spinal fusion surgery
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Discussion and Conclusion

This study confirms the effectiveness of group
transactional analysis training in improving
happiness among married female ICU nurses.
These findings align with prior studies demon-
strating the benefits of psychological and com-
munication skills training for healthcare work-
ers (Rahimi et al., 2018; Khakzad et al., 2019;
Mousavi et al., 2020; Mohammadi et al., 2021).
Negative interpersonal dynamics in clinical set-
tings can contribute to depression and reduced

The Effectiveness of Group Transactional Analysis Training on the Happiness of Female ICU Nurses

happiness. The study indicates that psycholog-
ical training can mitigate these effects by en-
hancing self-awareness, emotional resilience,
and relational effectiveness. Happier personnel
are more flexible, make better decisions, and are
more capable of managing job-related stress.

In conclusion, implementing structured TA
training in high-pressure hospital settings
could be a strategic intervention for improving
mental health, job satisfaction, and overall pro-

ductivity among ICU nurses.
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Component Group Mean SD K-S Sig.
(Pre/Post)

Life Satisfaction | Experimental 25.00 1.26 0.805
(Pre)

Life Satisfaction | Experimental 27.68 1.44 0.478
(Post)

Life Satisfaction | Control (Pre) 25.05 1.47 0.706

Life Satisfaction | Control (Post) 24.89 1.28 0.685

Positive Affect | Experimental 18.68 1.25 0.041
(Post)

Positive Affect | Control (Post) 15.68 1.45 0.530

Table 2. Summary Statistics and Normality Test Results for Happiness Dimensions

Component | Sum of df Mean F p-value
Squares Square

Life 62.67 1 62.67 119.10 <0.0001
Satisfaction

Positive 55.12 1 55.12 98.51 <0.0001
Affect

Subjective 47.21 1 47.21 9491 <0.0001
Well-being

Contentment | 40.27 1 40.27 55.07 <0.0001
Self-Esteem | 28.56 1 28.56 113.58 <0.0001

Table 3. ANCOVA Results for Happiness Subscales

Results

Descriptive statistics showed that the mean age
of participants in the experimental group was
33.75 (£3.21) years and in the control group
34.10 (£2.62) years. Marriage duration averaged
4.43 (£1.26) years for the experimental group
and 4.0 (£1.20) years for the control group. Ed-
ucation levels and number of children were also
reported, showing a mix of bachelor’s, master’s,
and doctoral degrees across both groups.

Inferential analysis using Kolmogorov-Smirn-
ov tests confirmed the normal distribution of

happiness scores. ANCOVA revealed signifi-
cant increases in happiness subscales and over-
all scores in the experimental group post-inter-
vention (P<0.001), with no significant changes
in the control group.

Multivariate analysis (MANCOVA) confirmed
the overall effectiveness of the intervention with
Pillai’s Trace = 0.982, F=199.59, P<0.0001.
Detailed results for happiness subscales (life
satisfaction, positive affect, subjective well-be-
ing, contentment, self-esteem) showed signifi-
cant improvements with large effect sizes (n?
ranging from 0.673 to 0.815).
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Transactional Analysis (TA) is a psychother-
apeutic model that analyzes communication
patterns, ego states, and life scripts. It enables
individuals to identify and change dysfunc-
tional relational patterns (Bani et al., 2023).
Research suggests that TA-based interventions
can improve mental health and happiness. For
instance, Kamali et al. (2020) found that TA
training enhanced life satisfaction and happi-
ness in various groups.

However, few studies have specifically ad-
dressed the impact of TA group training on
the happiness of married female ICU nurses.
Additionally, inconsistent findings on the ef-
fectiveness of psychological interventions in
high-stress workplaces suggest the need for
further research (Mousavi et al., 2021). This
study aims to fill that gap.

Materials and Methods

This study employed a semi-experimental de-
sign with pre-test and post-test evaluations and
a control group. The population included all
married female ICU nurses in Tehran.

After obtaining permissions from hospital ad-
ministrations in District 5 of Tehran, 198 eli-
gible nurses completed the Oxford Happiness
Questionnaire. Inclusion criteria were: (1) fe-
male gender; (2) at least two years of ICU ex-
perience; (3) informed consent; (4) no concur-

rent psychological treatment; and (5) no history

Bn—————
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of acute psychiatric disorders.

Participants scoring below the group average
in happiness (n=35) were randomly assigned
to an experimental group (n=16) or a control
group (n=19). Both groups completed a pre-
test. The experimental group received 12 ses-
sions of TA group training over several weeks,
followed by a post-test administered to both
groups. Oxford Happiness Questionnaire:
Developed by Argyle and Lu (1989; cited in
Nourbala & Alipour, 1999), the 29-item ques-
tionnaire evaluates five dimensions: life sat-
isfaction (11 items), positive affect (8 items),
subjective well-being (6 items), contentment (4
items), and self-esteem (2 items). Items 4 and
8 contribute to two subscales simultaneously.
Responses are on a 4-point Likert scale (1-4),
with total scores ranging from 29 to 116. High-
er scores indicate greater happiness.
Reliability and Validity: The Persian version
has demonstrated strong psychometric prop-
erties. Nourbala and Alipour (1999) reported
Cronbachys alpha coefficients ranging from
0.58 to 0.89 across subscales. Ariayi Moghad-
am (2003) found an overall reliability of 0.83.
Test-retest reliability over 4-6 months ranged
from 0.53 to 0.81 (Houtard, 1989). The ques-
tionnaire also shows strong correlations with
related constructs like life satisfaction and

self-esteem.
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Introduction

Intensive care units (ICUs) are high-stakes,
high-stress environments within the healthcare
system. Studies, including those by Nikookar
et al. (2020), have shown that ICU nurses fre-
quently face critical situations, high workloads,
and exposure to suffering and death, leading to

burnout and reduced job satisfaction. Kivani et

Happiness, a vital aspect of psychological
well-being, extends beyond the absence of dis-
tress. It encompasses positive emotions, life
satisfaction, and a favorable self-assessment. In
high-stress work environments, increased hap-
piness can improve motivation, workplace re-
lationships, and attendance (Jones et al., 2019).
Alberktsen (2003) emphasized that stress nega-

al. (2021) further highlighted the link between

occupational stress and reduced happiness

tively impacts happiness, thus threatening psy-

chological health. Moreover, happiness plays a

oy [(C1 8, mndlenseoning {ie mesd. 19 significant role in individual resilience (Bahra-

address their mental health. mi et al., 2022).

Session | Content

1 Introduction, ego states (Parent, Adult,
Child), homework
2 Review, personality development, ego state
contamination, communication cues
3 Natural/Adapted Child, Nurturing/Critical
Parent, examples
A Strokes: verbal /non-verbal,
positive/negative /neutral, stroke economy

o Transactions: parallel, crossed, diagrams

6 Managing crossed transactions, life scripts

7 Rituals, activities, games, time structure
diagram

8 Psychological games: identification and
intervention

9 Strategies for resolving family resentments

10 Enhancing intimacy, group discussion

11 Healthy relationships, life positions

12 Review, Q&A, book recommendations

Table 1. Summary of Training Sessions
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The Effectiveness of Group Transactional Analysis
Training on the Happiness of Female ICU Nurses

PhD Candidate in Counseling, Islamic Azad University,
Science and Research Branch, Tehran, Iran.

I Abstract

Introduction and Objective: Happiness is a key component of mental health, and psychological
approaches such as transactional analysis (TA) can be effective in enhancing it. The present study
aimed to investigate the effectiveness of group transactional analysis training on the happiness of
married female nurses working in intensive care units (ICUs).

Materials and Methods: This semi-experimental study involved 35 married female ICU nurses
selected through convenience sampling and randomly assigned to an experimental group (n=16)
and a control group (n=19). Happiness levels were assessed using the Oxford Happiness Ques-
tionnaire, with a reported reliability coefficient of 0.79, administered before and after the inter-
vention. Statistical analysis was performed using descriptive and inferential statistics (ANCO-
VA) at a significance level of P<0.05.

Results: Post-intervention happiness scores significantly increased in the experimental group
(P<0.001), while no significant change was observed in the control group.

Conclusion: Group transactional analysis training significantly enhanced happiness in female

ICU nurses. This intervention can be considered a practical approach to improving the mental
well-being of hospital personnel, particularly in high-stress environments.

Keywords: Transactional analysis, Happiness, Female nurses
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Prevalence of Malignant

Chart 1. Annual Prevalence of Malignant Abdominal Masses (2012-2023)
Note: The prevalence of malignant abdominal tumors over the six-year period showed
fluctuations but did not demonstrate a statistically significant trend (p = 0.259).

Conclusion

The study found that 6.9% of abdominal tu-
mors were malignant, with significantly high-
er prevalence among older adults and males.
These findings highlight the need for targeted
screening and preventive strategies, especially
for high-risk groups. Early detection and inter-
vention can reduce cancer-related complica-
tions and healthcare burdens.
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of Patients Referred to Amir Al-Momenin Hospital, Tehran (2012-2023)

Demographic Benign (n) Benign (%) Malignant (n) Malignant (%)

Variable

Age Group

(years)

Young (18-29) 110 16.4 2 4.0

Middle-aged 439 64.4 19 38.0

(30-59)

Elderly (260) 122 19.2 29 58.0

Gender

Male 144 21.5 23 46.0

Female 527 78.5 27 54.0

Family history

of abdominal

mass

Yes 10 1.5 3 6.0

No 661 98.5 47 94.0

Table 3. Demographic Distribution by Type of Abdominal Mass

Discussion inal tumors. Conversely, Rawla et al. (2018)

The findings reveal a notable prevalence of ab-
dominal malignancies among older adults and
men. Leiomyomas and prostate hyperplasia
were the most common benign masses, while
bladder and ovarian cancers were the leading
malignancies.

Similar studies across Asia corroborate these
findings. Rossi et al. (2017) observed rising
rates of bladder and kidney cancers. Malaeb et
al. (2007) identified leiomyoma and prostate
hyperplasia as the most frequent benign abdom

n————

noted gastric cancer as the leading abdominal
malignancy, differing from this study’s find-
ings possibly due to regional dietary improve-
ments and awareness.

This study aligns with previous research in Al-
geria, [ran, and other countries that show higher
malignancy rates among older adults and men.
Limitations include the retrospective design
and reliance on recorded data. Further prospec-
tive, population-based research is warranted to
confirm and expand upon these results.
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Type of Abdominal Mass Frequency Percentage
Benign Masses

Leiomyoma 246 36.7
Prostate Hyperplasia 135 20.1
Serous Cystadenoma 59 8.8
Endocervical Polyp 57 8.5
Leiomyomatosis 43 6.4
Mature Teratoma 25 3.7
Endometriosis 20 29
Endometrial Polyp 15 2.2
Mucinous Cystadenoma 13 1.9
Others 58 8.8
Malignant Masses

Bladder Cancer 8 16.0
Ovarian Cancer 7 14.0
Gastric Cancer 5 10.0
Testicular Cancer 5 10.0
Sigmoid Cancer 5 10.0
Colon Cancer 4 8.0
Others 16 32.0

Table 2. Distribution of Common Benign and Malignant Abdominal

Masses in Patients Undergoing Surgery (2012-2023)
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Investigating the Relationship Between Subcutaneous and Deep Abdominal Masses and Demographic Characteristics

of Patients Referred to Amir Al-Momenin Hospital, Tehran (2012-2023)

Results

Among 721 patients, 76.8% were women and
23.2% men. The mean age was 46.08 = 16.02
years, with 45.5% aged 60 or older. Only 1.8%
reported a family history of abdominal masses.
Overall, 93.1% (n=671) had benign masses,
and 6.9% (n=50) were malignant. The most
common benign tumors were leiomyoma
(36.7%) and prostate hyperplasia (20.1%). The
most frequent malignant tumors were bladder

(16%) and ovarian (14%) cancers.

Patients with malignant tumors were signifi-
cantly older (54.96 + 15.23 vs. 45.42 + 15.59
years, p < 0.001). Malignant tumors were more
prevalent in men (54%) than women (46%),
also statistically significant (p < 0.001). There
was no significant correlation between tumor
type and family history (p = 0.055) or year of
diagnosis (p = 0.259).

Demographic Information Frequency Percentage
Age Group (years)

Young (18-29) 112 15.5
Middle-aged (30-59) 281 39.0
Elderly (260) 328 45.5
Gender

Male 167 23.2
Female 554 76.8
Family history of abdominal

mass

Yes 13 1.8
No 708 98.2

Table 1. Demographic Characteristics of Patients with Abdominal Masses
Undergoing Surgery at Amir Al-Momenin Hospital (2012-2023)

n——
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Introduction

Cancer is currently one of the major global
health concerns, including in Iran. According
to the World Health Organization, cancers of
the lung, stomach, breast, liver, and colorectal
region account for the highest cancer-related
mortality worldwide, with over 9.6 million
deaths annually. One in six deaths is attributed
to cancer.

Malignant abdominal tumors are among the
most prevalent forms of cancer, particularly
gastric and colorectal cancers, which are ma-
jor causes of mortality. Despite advancements
in medical therapies and diagnostic tools, these
tumors remain a significant non-communicable
threat. Predictions suggest that the prevalence
of these malignancies will increase significant-
ly, especially in developing countries such as
Iran.

In Iran, after breast cancer, gastrointestinal ma-
lignancies are the third most common. Near-
ly half of the cancer incidence and mortality
in Asia in 2020 was related to abdominal ma-
lignancies, notably colorectal cancer. Studies
indicate rising rates of colorectal cancer in
younger Iranians due to lifestyle changes, diet,
and genetic predisposition.

Environmental and genetic interactions, in-
adequate intake of fruits and vegetables, high
nitrate diets, tobacco and alcohol use, seden-
tary lifestyle, and red meat consumption are
key risk factors. Conversely, physical activity,
balanced weight, and high antioxidant and fiber
intake are protective.

JISAIC / 46th Years, No. 121, 2nd Course, Vol. 2, No. 1, Spring 2023

Cancer prevention, early detection, and screen-
ing can substantially reduce healthcare costs.
This study aims to investigate the demographic
and pathological patterns of abdominal mass-
es—both benign and malignant—among pa-
tients referred to Amir Al-Momenin Hospital
over a six-year period.

Materials and Methods
This retrospective, cross-sectional analytical

study was approved by the Research Council
of Islamic Azad University, School of Medical
Sciences, Tehran, and received an ethical code.
The study included clinical records of 721 pa-
tients aged 18 years and above, with subcutane-
ous or deep abdominal masses who underwent
surgery at Amir Al-Momenin Hospital between
2012 and 2023. Inclusion criteria: age > 18,
available clinical records, and pathology-con-
firmed diagnosis. Exclusion criteria included
incomplete records, referrals from other hospi-
tals, or concurrent known malignancies. Data
were extracted from archived records using a
researcher-designed checklist covering demo-
graphics and pathology reports.

Statistical analysis was conducted using SPSS
version 25. Normal distribution of continuous
variables was checked using the Shapiro-Wilk
test. Parametric and non-parametric tests (t-test,
Mann-Whitney U, and Chi-square) were used.
A p-value of < 0.05 was considered statistically

significant.

Journal of Iranian Society of
Anaesthesiology & Intensive Care



Investigating the relationship between subcutaneous and
deep abdominal masses with demographic characteristics
of patients referred to Amirul Mominin Hospital in Tehran
during the years 2011-23

Anesthesiology Resident, School of Medicine, Shahid Beheshti University
of Medical Sciences, Tehran, Iran

ORCID: 0000-0002-3598-9029

Assistant Professor of Pathology, Islamic Azad University, Tehran Branch of
Medical Sciences, Tehran, Iran

ORCID: 0000-0001-8143-1977

E.mail: majid12us@yahoo.com

I Abstract

Introduction and Objective: Considering the importance, prevalence, and high complications of
abdominal masses, this study aimed to determine the prevalence of benign and malignant abdominal
lesions and their association with demographic characteristics during a comprehensive six-year study.

Materials and Methods: In this analytical-cross-sectional study, the clinical records of 721 patients
with subcutaneous and deep abdominal masses who underwent surgery at Amir Al-Momenin Hospi-
tal in Tehran during the years 2012-2023 were examined using convenience sampling according to
the inclusion criteria. Demographic and pathological information were extracted from these records.

Findings: Overall, 6.9% (50 cases) were malignant, and the rest were benign. The most common
benign masses were leiomyoma (36.7%) and prostate hyperplasia (20.1%), and the most common
malignant cases were bladder cancer (16.0%) and ovarian cancer (14.0%), respectively. The age of
individuals with malignant tumors was significantly higher than those with benign tumors (54.96 +
15.23 vs. 45.42 £ 15.59 years, p < 0.001). The prevalence of malignancy was significantly higher
in men than in women (54.0% vs. 46.0%, p < 0.001). However, there was no statistically significant
association between a family history of abdominal mass (p = 0.055) and the year of presentation (p
=0.259) with the type of mass.

Conclusion: Malignant abdominal masses are more common in older ages and in men.

Keywords: Abdomen, Malignancy, Benign Mass, Demographic Characteristics
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