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Background: We assessed predictors of mortality in the intensive care unit (ICU) and investigated 
if Glasgow coma scale (GCS) is associated with mortality in patients undergoing endotracheal in-
tubation (EI). 
Methods: From February 2020, we performed a 1-year study on 2,055 adult patients admitted to 
the ICU of two teaching hospitals. The outcome was mortality during ICU stay and the predictors 
were patients’ demographic, clinical, and laboratory features. 
Results: EI was associated with a decreased risk for mortality compared with similar patients (ad-
justed odds ratio [AOR], 0.32; P=0.030). This shows that EI had been performed correctly with 
proper indications. Increasing age (AOR, 1.04; P<0.001) or blood pressure (AOR, 1.01; P<0.001), re-
spiratory problems (AOR, 3.24; P<0.001), nosocomial infection (AOR, 1.64; P=0.014), diabetes (AOR, 
5.69; P<0.001), history of myocardial infarction (AOR, 2.52; P<0.001), chronic obstructive pulmo-
nary disease (AOR, 3.93; P<0.001), immunosuppression (AOR, 3.15; P<0.001), and the use of anes-
thetics/sedatives/hypnotics for reasons other than EI (AOR, 4.60; P<0.001) were directly; and GCS 
(AOR, 0.84; P<0.001) was inversely related to mortality. In patients with trauma surgeries (AOR, 
0.62; P=0.014) or other surgical categories (AOR, 0.61; P=0.024) undergoing EI, GCS had an inverse 
relation with mortality (accuracy=82.6%, area under the receiver operator characteristic 
curve=0.81). 
Conclusions: A variety of features affected the risk for mortality in patients admitted to the ICU. 
Considering GCS score for EI had the potential of affecting prognosis in subgroups of patients such 
as those with trauma surgeries or other surgical categories. 
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INTRODUCTION 

Endotracheal intubation (EI) for oxygenation, ventilation, and airway protection is carried 
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out for advanced airway management particularly in trau-

ma patients [1]. However, the potential risks associated with 

the procedure have led to some controversies regarding the 

indications and timing of EI [1-4]. Patients with decreased 

consciousness are frequently candidates for EI. The American 

College of Surgeons Committee on Trauma and the Eastern 

Association for the Surgery of Trauma recommended EI for 

patients with a Glasgow coma scale (GCS) of 8 or lower [1,5]. 

Later, the Eastern Association for the Surgery of Trauma added 

the GCS of 9–12 as a level 3 recommendation for EI [6]. A re-

view study suggested that EI has been commonly carried out 

in patients with altered mental status (GCS >8) [7]. 

There are still uncertainties concerning the relation of GCS 

with EI indication. A cohort study of patients with drug or al-

cohol intoxication suggested that EI is not mandatory even in a 

GCS of 8 or less [8]. In patients with GCS of 7 or 8 and isolated 

head injury, immediate EI was reported to be associated with 

higher mortality risk, while it was recommended for blunt 

head injury patients younger than 45 years and a GCS of 7 on 

admission [9]. Another study suggested that EI in trauma pa-

tients with GCS of 6 to 8 on admission increased mortality and 

that the use of a GCS threshold to mandate EI should be revis-

ited [1]. However, in a review of 1,000 intubations carried out 

in the first 2 hours after arrival at a Level I trauma center, Sise 

et. al [7] reported that early EI was safe and effective in trauma 

patients and that the Eastern Association for the Surgery of 

Trauma Guidelines might miss patients who would benefit 

from EI early after injury. The clinical risk or advantages of EI 

in medical patients with a low GCS score has not been well es-

tablished yet [7,9,10]. 

Nevertheless, GCS is a useful scoring system for predicting 

mortality in the intensive care unit (ICU) [11] even in a mixed 

population of critically ill patients [12]. Information on the pre-

dictive ability of GCS scores aids caregivers in coordinating the 

healthcare team and in improving outcomes for both patient 

and family on admission and discharge [13,14]. However, the 

potential of GCS for decision-making on EI still requires care-

ful evaluation. 

The aim of conducting the present study was to assess the as-

sociation of GCS with the mortality rate in subgroups of patients 

undergoing EI. This would help the reader to see if GCS could be 

of prognostic value in patients undergoing EI. We hypothesized 

that GCS would be associated with different EI outcomes at least 

in some patient categories. We also assessed predictors of mor-

tality in the ICU to identify patients who most benefit from EI in 

a sample of ICU patients based on their GCS score. 

MATERIALS AND METHODS 

Design and Setting 
From February 2020 for one year we carried out a study of ICU 

patients. The study was conducted by the Critical Care Quality 

Improvement Research Center, affiliated with Shahid Beheshti 

University of Medical Sciences. It was performed in accor-

dance with the Declaration of Helsinki. Ethics approval was 

obtained from the Institutional Review Boards of AJA Univer-

sity of Medical Sciences (No. IR.AJAUMS.REC.1397.697696). 

All participants or their companions signed written consents 

for using patients’ data in the analyses. Patients were from two 

teaching hospitals affiliated with Universities of Medical Sci-

ences. The hospitals are well-equipped settings with high pa-

tient turnovers and are large referral and subspecialty centers. 

Data Collection 
We included all adult patients who were admitted to the ICU. 

For patients with readmission within the study time period, 

only the first ICU admission was considered for data entry and 

analysis. A number of demographic, clinical, and laboratory 

features were recorded for each patient. Also, patients were 

monitored for undergoing any important procedure, and for 

mortality during the ICU stay. The GCS scores were deter-

mined by four study anesthesiologists and intensivists who 

were experts in the assessment of patients. In each work shift, 

a study nurse recorded the information for each patient. Data 

were entered into a paper form, and then, into the spreadsheet 

of Microsoft Office Excel software. 

■ Patients undergoing endotracheal intubation (EI) had a 
lower mortality risk compared with similar patients.

■ Increasing age, systolic blood hypertension, respiratory 
problems, nosocomial infection, diabetes, history of myo-
cardial infarction, chronic obstructive pulmonary disease, 
immunosuppression, and the use of anesthetics/seda-
tives/hypnotics during intensive care unit stay are directly 
associated with mortality.

■ Considering Glasgow coma scale (GCS) score for EI had 
the potential of changing prognosis in subgroups of pa-
tients.

■ To decrease the risk of mortality, GCS score should be 
used for decision making on EI, at least in patients under-
going trauma surgery or other surgical categories.

KEY MESSAGES
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Outcome and Predictors 
The outcome of the study was mortality during ICU stay. The 

predictors were primarily selected based on a consensus of 

the authors considering the limits of time, budget, and per-

sonnel [15,16]. We recorded patients’ sex and age, significant 

comorbidities, vital signs, information on nosocomial infec-

tions if any, the reason for admission, arterial blood gas, and a 

number of other laboratory test results, GCS on admission or 

immediately before EI (for patients undergoing EI), and signif-

icant procedures (including EI). All recorded variables reflect-

ed the status of patients on admission (e.g., comorbidities) or 

within their ICU stay (e.g., blood pressure). All patients arrive 

at the ICU without EI. The EI variable was recorded as a binary 

feature rather than numeric. Therefore, patients with re-in-

tubation during their ICU stay were also labeled 1. Data were 

assessed for variables’ distribution, missing values, duplicate 

cases, and severe class imbalance (less than 1% frequency for 

any level). 

Feature Selection and Modeling 
We used the random forest to estimate variable importance. 

The random forest was used for feature selection because of 

its good performance, low overfitting, easy interpretability, 

and robustness to the presence of correlated features [17]. 

The data were then partitioned into development (training) 

and validation (test) datasets; 80, and 20%, respectively. Next, 

we included the selected variables into a binary logistic mod-

el and evaluated the performance of the regression. Three 

logistic models were developed: a base model, the second 

model incorporating the interaction term of EI×GCS, and the 

third with added EI×GCS×admission category. The strength 

of associations was reported using adjusted odds ratios (ORs) 

with 95% confidence intervals (CIs). The model’s fitness was 

assessed with chi-squared tests and the amount of variation in 

the dependent variables explained by the models was evalu-

ated using Nagelkerke R2. We investigated the performance of 

classifiers by calculating accuracy metrics: the percentage of 

the correctly classified records, sensitivity, specificity, positive 

predicted value, F1, balanced accuracy, and area under the 

receiver operator characteristic. For statistical analyses, point 

estimates, 95% CI, and p-values were calculated. P-values less 

than 0.05 were considered significant. Results are presented as 

mean and standard deviation (SD) for continuous variables, 

and as absolute numbers (%) for categorical data. The means 

of the continuous variables were compared using independent 

sample t-tests. The normality of the outcome variables was 

examined with the Shapiro-Wilk test and the homogeneity 

of variances was investigated with Levene’s test. Either a chi-

square test or Fisher’s exact test was used for testing differenc-

es among the study groups for categorical variables. 

Software 
We imported the data into R software version 4.0.2 (A language 

and environment for statistical computing (R Foundation for 

Statistical Computing; https://www.R-project.org/). R is a well-

known free software environment for statistical and machine 

learning libraries and graphics. We used a variety of R pack-

ages for the analysis. All the packages were downloaded from 

the Comprehensive R Archive Network (https://cran.r-project.

org/), the official R package repository, or the GitHub (https://

github.com/) website.  

RESULTS  

Participants 
Data from 2,055 patients were analyzed. There were no miss-

ing data or duplicate cases in our sample. Mean age (SD) was 

55.0 years (15.6 years) and 983 patients (47.8%) were women. 

Overall, 865 patients (42.1%) died and 893 (43.5%) underwent 

EI. A GCS of 10 was used as an indication for EI with no ex-

ceptions, all patients with GCS ≤10 underwent EI, no patients 

with GCS >11 underwent EI (Figure 1). Table 1 shows the 

Figure 1. Bar chart of Glasgow coma scale (GCS) categories in patients 
with or without undergoing endotracheal intubation. Intubated 
patients had a GCS of 10 or less.
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main characteristics of dead and alive groups of ICU patients. 

There were statistically significant differences between the 

two groups in reason for admission, nosocomial infection, 

surgery, diabetes, myocardial infarction, chronic obstructive 

pulmonary disease, immunosuppression, use of anesthetics/

sedatives/ hypnotics for reasons other than EI, age, systolic 

blood pressure, and fraction of inspired oxygen (FiO2) were 

significantly different between the two groups. Figure 2 shows 

the results of the feature selection. The features were sorted 

according to their importance to the prediction. We included 

the selected predictors in logistic regression models. 

Model Development 
We constructed three logistic models of mortality: model 1 

included the selected predictors, model 2 incorporated the 

interaction term of EI×GCS into the model 1, and model 3 

added EI×GCS×admission category to model 2. The mod-

el 1, was well-fitted to the data, χ2(19)=693.817, P<0.001, 

Nagelkerke R2=0.534, Hosmer and Lemeshow goodness 

of fit test χ2(59)=2.464, P≈1.000, Akaike's information cri-

terion (AIC)=1,305.1. The model 2 was also well-fitted, 

χ2(20)=708.370, P<0.001, Nagelkerke R2=0.523, Hosmer and 

Lemeshow χ2(59)=13.833, p≈1.000, AIC=1,292.5. But the model 

3 was the best, χ2(32)=802.848, P<0.001, Nagelkerke R2=0.575, 

Hosmer and Lemeshow χ2(59)=10.755, P≈1.000, AIC=1,222.1. 

Also, pairwise comparisons between the models showed that 

model 2 is not statistically different from model 1, χ2(1)=2.626, 

P=0.105, ∆AIC=12.6; however, model 3 is better than model 2, 

χ2(12)=94.479, P<0.001, ∆AIC=70.4. 

Model Validation and Specification 
Analysis showed a high performance for model 3; accuracy 

(95% CI): 82.6% (79.4%–85.5%), McNemar's test P<0.001, 

sensitivity=90.4%, specificity=71.8%, positive predicted val-

Table 1. Patients’ characteristics
Feature Dead group (n=865) Discharged group (n=1,190) P-value
EI 355 (41.0) 538 (45.2) 0.066b)

Female 416 (48.1) 567 (47.6) 0.877b)

Reason for admission <0.001b)

  Elective brain surgery 108 (12.5) 159 (13.4)
  Trauma surgery 92 (10.6) 337 (28.3)
  Other surgeriesa) 140 (16.2) 296 (24.9)
  Respiratory problems 287 (33.2) 99 (8.3)
  Others 238 (27.5) 299 (25.1)
Nosocomial Infection 201 (23.2) 106 (8.9) <0.001b)

Surgical patient 340 (39.3) 794 (66.7) <0.001b)

Emergency surgery 191 (22.1) 432 (36.3) <0.001b)

Diabetes 446 (51.6) 185 (15.5) <0.001b)

Myocardial infarction 292 (33.8) 99 (8.3) <0.001b)

COPD 221 (25.5) 61 (5.1) <0.001b)

Immunosuppression 175 (20.2) 120 (10.1) <0.001b)

Anesthetics/sedatives/hypnotics for reasons other than EI 754 (87.2) 872 (73.3) <0.001b)

Age (yr) 61.6±14.3 50.2±14.7 <0.001c)

GCS 10.7±2.5 10.7±2.4 0.965c)

SBP (mm Hg) 113.0±19.4 105.5±19.9 <0.001c)

Blood pH 7.4±0.1 7.4±0.1 0.071c)

PaO2 69.2±22.7 69.2±22.9 0.939c)

PaCO2 39.8±11.3 39.9±11.4 0.935c)

FiO2 45.6±19.6 47.8±20.6 0.017c)

Values are presented as number (%) or mean±standard deviation.
EI: endotracheal Intubation; COPD: chronic obstructive pulmonary disease; GCS: Glasgow coma scale; SBP: systolic blood pressure; PaO2: partial pressure of 
oxygen; PaCO2: partial pressure of carbon dioxide; FiO2: fraction of inspired oxygen.
a) Other surgeries included a wide variety of surgical procedures other than elective brain and trauma surgeries such as different urological surgeries, 
gynecological surgeries, abdominal surgeries, mastectomy, bypass surgeries, etc.; b) Chi-square test; c) t-test.
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ue=81.6%, F1=85.8%, balanced Accuracy=81.1%, and area un-

der the receiver operator characteristic=0.81 (Figure 3). Table 2 

shows the association of predictors with mortality. Overall, EI 

decreased the risk for mortality in ICU patients when adjusted 

for other risk factors. Patients with respiratory problems, nos-

ocomial infection, diabetes, history of myocardial infarction, 

chronic obstructive pulmonary disease, immunosuppression, 

use of anesthetics/sedatives/hypnotics during ICU stay for 

reasons other than EI showed a greater risk for mortality. Also, 

death risk increased with increasing age and systolic blood 

pressure. In addition, GCS had plausibly an inverse relation 

with the risk of mortality. Of the model’s interaction terms, 

two were significant and two were not. The significant terms 

showed that in the “trauma” and “other” surgeries undergoing 

EI, GCS had an inverse relation with mortality compared with 

the reference category ("other medical problems"). However, 

in the “respiratory” problems and “elective brain” surgeries, 

patients undergoing EI did not show a significant relation be-

Figure 2. Variable importance for predicting mortality rate. The white boxplots illustrate the confirmed selected features. PaO2: partial pressure of 
oxygen; PaCO2: partial pressure of carbon dioxide; EI: endotracheal intubation; FiO2: fraction of inspired oxygen; SBP: systolic blood pressure; GCS: 
Glasgow coma scale; COPD: chronic obstructive pulmonary disease; MI: myocardial infarction.

tween their GCS and the risk for mortality. 

DISCUSSION 

We assessed mortality predictors for ICU patients, and also 

mortality rate in subgroups of patients to see if GCS could 

affect the outcome of EI. Our study showed that a variety of 

predictors had a significant relation with ICU mortality. Pa-

tients undergoing EI had a decreased risk for mortality when 

adjusted for other risk factors. This does not imply that EI 

should be prescribed for all patients but shows that EI had 

been performed correctly with proper indications. Other risk 

factors of death were having respiratory problems, nosocomial 

infection, diabetes, history of myocardial infarction, chronic 

obstructive pulmonary disease, immunosuppression, and 

the use of anesthetics/sedatives/hypnotics for reasons other 

than EI during ICU stay. A small, but statistically significant 

relationship was present between age or blood pressure and 
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jury in two groups of GCS 3–5 (n=99) and GCS 6–8 (n=49) and 

compared them in predictors of EI success. They concluded 

that patients with GCS <9 should be considered as heteroge-

neous populations. The sample size in Bendinelli’s study [25] 

was too small to allow subgroup analysis. Our study extended 

the concept of heterogeneity of patient groups to diagnostic 

categories and showed hidden relations with mortality in the 

subgroups. Studies suggested that to support the EI of patients 

with medical problems based on a GCS score, other factors 

such as disease trajectory, diagnosis, and prognosis, must be 

considered [10]. Again our study extended this concept to sur-

Table 2. The odds ratio for predictors of mortality
Predictor Adjusted OR 95% CI P-value
EI 0.32 0.11–0.89 0.030
Male 1.12 0.86–1.47 0.384
Elective brain surgery 1.27 0.83–1.95 0.266
Trauma surgery 1.06 0.68–1.63 0.808
Other surgeries 1.17 0.79–1.74 0.403
Respiratory problems 3.24 2.15–4.90 <0.001
Nosocomial infection 1.64 1.11–2.43 0.014
Diabetes 5.69 4.25–7.67 <0.001
History of myocardial infarction 2.52 1.78–3.58 <0.001
COPD 3.93 2.60–6.03 <0.001
Immunosuppression 3.15 2.10–4.76 <0.001
Anesthetics/sedatives/hypnotics for 

reasons other than EI
4.60 3.18–6.73 <0.001

Age 1.04 1.03–1.06 <0.001
Systolic blood pressure 1.01 1.01–1.02 <0.001
Respiratory rate 1.01 0.93–1.08 0.881
FiO2 0.99 0.98–1.01 0.392
GCS 0.84 0.76–0.92 <0.001
Intubation×GCS 1.16 0.95–1.42 0.144
Intubation×GCS×elective brain 

surgery
1.10 0.78–1.54 0.573

Intubation×GCS×trauma surgery 0.62 0.42–0.90 0.014
Intubation×GCS×other surgeries 0.61 0.40–0.93 0.024
Intubation×GCS×respiratory 0.90 0.61–1.34 0.624

Intubation×GCS evaluates if the association of EI with mortality depends 
on the value of GCS. Also, intubation×GCS×patient subgroup shows if the 
relation between intubation and mortality depends on the value of GCS in 
each subgroup. The table shows that the relation of intubation and mortality 
is not significantly dependent on GCS in the whole sample. However, for 
“trauma” and “other” surgical categories the relation between intubation and 
mortality is inverse and significant. This means that considering GCS scores 
for EI had the potential of affecting prognosis in these two subgroups of 
patients.
OR: odds ratio; CI: confidence interval; EI: endotracheal intubation; COPD: 
chronic obstructive pulmonary disease; FiO2: fraction of inspired oxygen; 
GCS: Glasgow coma scale.

the risk for mortality. These relations are clinically plausible 

and expected. Older patients have greater illness severity and 

more comorbidities and therefore higher risk for mortality 

[18]. Patients with nosocomial infection [19,20], diabetes [21], 

respiratory diseases [22,23], myocardial infarction, and blood 

hypertension have been frequently reported to have a higher 

risk for ICU mortality.  

Overall, many studies implied that GCS could be used as 

an indicator for clinical decision-making in critical patients. 

In a trauma quality improvement program study, Jakob et al. 

included patients with a GCS score of 7 or 8 and isolated head 

injury. They reported that immediate intubation was associat-

ed with higher mortality (OR, 1.79; 95% CI, 1.31–2.44; P<0.001) 

[9]. Our data of patients undergoing brain surgery suggested 

that there is no significant relation between EI and mortality 

considering GCS score. The difference may be explained as 

due to including different populations with different sam-

ple sizes; head trauma in their study (n=2,727) versus brain 

surgery in ours (n=267). Patients with head trauma are more 

prone to mortality than people undergoing elective brain sur-

gery. Our study confirmed the association of age with the risk 

of ICU mortality reported in other studies [24]. However, our 

estimated OR for age was not very high. 

Our study suggested that group heterogeneity should be no-

ticed in investigating ICU patients to make clinical guidelines. 

Bendinelli et al. [25] included patients with traumatic brain in-

Figure 3. The area under the receiver operator characteristic (ROC) 
curve (0.81). The black line represents the model prediction and the 
diagonal gray line denotes the ROC curve of a random classifier.
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gical patients. 

Adding the interaction terms of EI×GCS and EI×GCS×ad-

mission category to our logistic models improved the per-

formance metrics. This showed that there is a significant 

association between EI and GCS, and lower mortality rates. 

However, the specification of the final model indicated that 

such relations are evident in subgroups of patients. Our anal-

ysis revealed that the mortality among patients having EI and 

undergoing trauma surgery or a variety of surgeries other than 

trauma or brain surgery is associated with GCS. Nevertheless, 

in patients with respiratory problems or brain surgery, such a 

relation is not significant. This shows that the value of GCS is 

practically important for decision-making on EI in subgroups 

of ICU patients. 

Conversely, research suggested that the GCS score does not 

provide supportive evidence for carrying out EI. In a study car-

ried out by Hatchimonji et al. [1], the effect of EI on mortality 

and length of ICU stay was assessed in trauma patients with a 

GCS score of 6–8. They included 6,676 patients and reported 

increased mortality associated with EI (OR, 1.05; 95% CI, 1.03–

1.06). They also reported similar results in patients with (OR, 

1.04; 95% CI, 1.02–1.06) and without head injuries (OR, 1.06; 

95% CI, 1.03–1.10). It was concluded that in patients with GCS 

of 6–8, intubation on arrival was associated with an increase 

in mortality and that the use of a strict threshold GCS to man-

date EI should be revisited [1]. Our results were in accordance 

with Hatchimonji’s study [1] in patients with brain surgery 

and respiratory insufficiency. However, we cannot appreciate 

the general message of their study despite their advantage 

in including a large sample. They categorized patients into 

with and without head injuries; narrowed the range of GCS 

scores to 6–8; confined patients’ characteristics to a small set of 

predictors; and estimated a 3 to 10% increase in mortality for 

intubated patients. Models based on GCS still provide useful 

information in estimating the risk for mortality in ICU patients 

with specific health problems [11,26,27]. We are not trying to 

suggest that GCS alone should be used as a guide to EI in all 

ICU patients, but we suggest that considering GCS score has 

the potential of changing prognosis in subgroups of patients 

such as in trauma surgeries. Improved healthcare for individ-

uals requires predicting certain health-related outcomes and 

the logistic regression for binary outcomes is a frequently used 

techniques for developing predictive models [28]. 

We assessed a large number of predictors of mortality in ICU 

patients. Our analyses were straightforward and the results 

had similarities with what has been reported in the literature. 

Our sample size was enough to find statistically significant 

large associations. However, for some predictors such as age, 

systolic blood pressure, and respiratory rate the results seemed 

statistically significant while practically unimportant. There-

fore, overpowering of the statistical tests is not unlikely and 

the results should be interpreted cautiously. We were not able 

to well identify all subgroups of patients benefiting from GCS 

considerations in decision-making for EI. While we recognized 

generic categories of patients, our data were not enough to 

let us make recommendations for specific medical or surgical 

patients or to suggest specific cut-offs for GCS in all patient 

subgroups. We did not extend our results beyond the available 

data but, to assess other possible consequences of GCS guid-

ance for decision making on EI, such as hospital stay and the 

long-term complications, further research with larger sample 

sizes is needed. 

We found in our study that a variety of predictors have a sig-

nificant relation with ICU mortality. Our results suggested that 

patients undergoing EI had a decreased risk for mortality com-

pared with similar patients without EI. Increasing age, systolic 

blood pressure, respiratory problems, nosocomial infection, 

diabetes, history of myocardial infarction, chronic obstructive 

pulmonary disease, immunosuppression, and the use of anes-

thetics/sedatives/hypnotics during ICU stay for reasons other 

than EI were directly associated, and GCS was inversely relat-

ed to ICU mortality risk. Considering GCS score for EI had the 

potential of affecting prognosis in subgroups of patients such 

as those with trauma surgeries or other surgical categories. 
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