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Abstract  Background: In this prospective study of 859 surgical patients in a tertiary research hospital, we 
examined the association between ASA physical status classification and Intraoperative Therapeutic Intervention 
Score (I-TIS). Methodology: All patients were assigned by ASA classification before the operation and received a 
value of 1-4 points for I-TIS score during surgical procedures. Surgical complexity was also classified and 
correlation with I-TIS was examined. Results: The correlation coefficient of the ASA with I-TIS was r=0.55 
(p<0.01). The correlation between the surgical complexity was r=0.66 (p<0.001). Five patients (ASA IV) with I-TIS 
score>25 and surgical complexity of major plus were admitted to the intensive care unit. Two of them were followed 
up six hours and the other three stayed more than 24 hours in the intensive care unit. Conclusions: It’s concluded 
that I-TIS score may be validated for our surgical patients but this assessment may show variability among 
institutions. The ASA classification is the most valued and widely used scoring system for evaluation of 
perioperative risk in surgical patients. It is simple, easy and also a useful tool to assist descriptions of workload and 
‘anesthetic risk’ for analysis and research purposes. 
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1. Introduction 

It’s inevitable that perioperative morbidity and mortality 
are influenced by the patient’s health status, the complexity 
of the surgical procedures and success of the anesthetic 
management. Risk predictors and scoring systems are 
commonly used in surgical patients to provide a reliable 
and objective estimation of disease prognoses, the 
probability of adverse events and outcome. American 
Society of Anesthesiologist’s (ASA) classification has 
established itself as the most widely used patient risk 
assessment scheme in anesthesia despite being developed 
in 1942 by Saklad [1] for the purpose of statistical data 
management. The classification was revised in 1963 with 
the number of classes being reduced from seven to five 
and the emergency operation was noted by placing an “E”. 
ASA physical status classification and Goldman cardiac 
risk score [2] are the widely used methods to evaluate 
operative risk. There are many risk assessment scores for 
surgical patients but most of these are presented for the 
evaluation of complexity of surgery [3]. However, Klein 
[4] designed a study for the intraoperative evaluation of 
patients and outcome after surgery. This Intraoperative 

Therapeutic Intervention Score (I-TIS) was developed by 
using a scoring scheme similar to that used by the 
therapeutic intervention score system (TISS) introduced 
by Keene and Cullen [5]. We adapted the I-TIS scoring 
system to our surgical patients and examined its validity 
by comparing it with ASA. 

2. Material and Methods 

In this prospective study, all surgical patients without 
age limit were included in the study group for a limited 
time period. Cardiac surgery, Cesarean delivery and 
emergency operations were excluded. All patients were 
assessed before operation by an anesthetist and assigned 
by ASA classification (Table 1). Specific data retrieved 
from a pre-prepared form checked by the responsible 
anesthesiologist for each patient. This form included  
ASA physical status classification, age, operative 
procedures, duration of anesthesia and I-TIS score  
(Table 2). The outcome of the patients after surgery was 
evaluated as short postoperative stays (less than 1 hour)  
in the recovery room, follow-up between 1-3 hours in the 
recovery room and intensive care follow-up <24 or  
>24 hours. Operations were classified according to 
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Copeland et al [3] and modified according to our surgical patient profile (Table 3). 
Table 1. American Society of Anesthesiologists’ (ASA) physical status classification 

Class Description   
I Healthy patient 
II Mild systemic disease-no functional limitation 
III Severe systemic disease-definite functional limitation 
IV Severe systemic disease that is a constant threat to life 
V Moribund patient unlikely to survive 24 h with or without operation  

Table 2. Intraoperative Therapeutic Intensity Score (I-TIS) [4] 

4 points 
1. Cardiopulmonary bypass 
2. Induced hypothermia (not during cardiopulmonary bypass) 
3. More than five arterial blood gas measurements 
4. Platelet transfusion 
5. Suprarenal aortic cross-clamp (nonbypass) 
6. Thoracic aortic cross-clamp (nonbypass) 
7. Cardiopulmonary resuscitation 
8. Temporary pacemaker (emergent) 
9. Intraaortic balloon pump 
10. Defibrillation (not after aortic cross-clamp removal during bypass) 
11. Infusion of more than one vasoactive drug 
12. Nitric oxide administration 
13. Veno-venous bypass 
14. Noncardiopulmonary coronary artery bypass grafting 
15. Emergency tracheostomy/cricothyroidectomy 
16. More than five units of packed red cells/whole blood 
17. Intraoperative hemodialysis or hemofiltration 

3 points 
18. Intracranial pressure monitoring 
19. Single lung ventilation-double lumen tube 
20. Fiberoptic intubation 
21. Pulmonary artery catheterization 
22. Use of level 1/rapid infusor 
23. Induced hypotension 
24. Operation>10 h 
25. Two to five units of packed red cells/ whole blood 
26. Two to five arterial blood gas measurements 
27. More than two units fresh frozen plasma 
28. Infrarenal aortic cross-clamp 
29. Intraoperative transesophageal echocardiography 
30. Intraoperative EEG/SSEP monitoring 
31. Bronchoscopy-therapeutic 
32. Infusion of one vasoactive drug (not renal dose dopamine) 
33. Antiarrhythmic drug infusion 
34. Cardioversion (not defibrillation) 
35. Wake-up test 
36. Mechanical ventilation with PEEP 
37. Electrolyte/hematocrit determination (three or more) 
38. Glucose determination (three or more) 
39. Emergency chest radiograph 
40. Additional anesthesiologists 
41. Emergent paracentesis, thoracentesis 
42. Administration of more than four vasoactive drug boluses 
43. Difficult intubation 

2 points 
44. Combined technique-epidural/general 
45. Insertion of central venous pressure catheter 
46. Insertion of high-flow intravenous catheter 
47. Insertion of more than one intravenous catheter 
48. Insertion of arterial line 
49. Operation of 6-10 h 
50. More than two units of red packed cell / whole blood 
51. One arterial blood gas measurement 
52. Electrolyte/hematocrit determinations (more than three determinations) 
53. Glucose monitoring (more than three determinations) 
54. Fluid/blood warmer 
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55. More than two units fresh frozen plasma 
56. Crystalloid infusion of>1.5 L/h 
57. Diuretic administration / renal dose dopamine 
58. Rapid sequence induction 
59. Cardiac output measurement 
60. ACT determination 
61. Endotracheal intubation /laryngeal mask (<2 yr old) 
62. Difficult intubation (more than four attempts) 
63. Prone position 
64. Transported intubation 
65. Administration of more than three vasoactive drug boluses 
66. Temporary pacemaker after bypass-in use 

1 point 
67. Endotracheal intubation /laryngeal mask (>2 yr old) 
68. Warming device 
69. Urinary catheter 
70. Lateral positioning 
71. One intravenous catheter 
72. Spinal / caudal anesthetic (single shot) 
73. Spinal catheter insertion 
74. Epidural catheter insertion 
75. Perform 12-lead electrocardiogram (ECG) 
76. Routine monitoring (ECG, NIBP, SaO2, temperature) 
77. Antibiotic administration 
78. Neuromuscular monitor 

EEG: electroencephalography; SSEP: somatosensory evoked potential; PEEP: positive end-expiratory pressure; ACT: activated coagulation time; NIBP: 
non-invasive blood pressure; SaO2: arterial oxygen saturation. 

Table 3. Surgical Complexity Classification 

1. Minor: dilatation and curettage, cataract extraction, drainage of rectal abcess, perianal fistul repairment, hemorroidectomy, plenoidal sinus extraction, 
hidroselectomy, varicoselectomy, adenotonsillectomy, myringotomy tubes, debritmant of a surgical wound, implant extraction (1 point) 
2. Moderate: appendectomy, inguinal herniography, cholecystectomy, mastectomy, prostatectomy, transuretral resection of prostate/bladder, penil 
procedures, tyroidectomy, myomectomy, laminectomy, nephrectomy, open reduction and internal fixation of hip fractures, reconstrictive procedures, 
strabismus (2 points) 
3. Major: laparotomy, bowel resection, cholecystectomy with choledochotomy, major amputations, posterior spine fusion, abdominal hysterectomy, 
hip/knee replacement, reimplantations, cleft lip-palate deformities (4 points) 
4. Major plus: aortic procedures, abdominal-perineal resection, pancreatic or liver resection, esophagogastrectomy, craniotomy, cardiac surgery, 
anterior-posterior spine instrumentation, all oncologic surgical procedures (8 points) 

Adapted from Copeland et al [3] and modified. 

Table 4. Patient’s data (number –n-, percentage-%-) 

 n % 
Total number of patients 859  
Males 438 50.99 
Females 421 49.01 
ASA classification   
ASA I 397 46.22 
ASA II 300 34.92 
ASA III 151 17.58 
ASA IV 11 1.28 
Type of anesthesia   
General 668 77.77 
Regional 191 22.23 
Surgical complexity   
Minor 154 17.93 
Moderate 421 49.01 
Major 172 20.02 
Major plus 112 13.04 

Table 5. ASA status and I-TIS scores for various types of operations 

 Age (yr) ASA I-TIS Dur. of anesthesia (min) 
General surgery 50.34±16.08 1.85±0.73 5.97±5.65 131.82±85.96 
Orthopedic surgery 47.41±17.89 1.80±0.87 10.62±5.63 241.92±108.44 
Neurosurgery 45.34±24.90 1.85±0.83 7.87± 5.65 180±142.49 
Otorhinolaryngologic   surgery 34.79±21.04 1.5±0.75 6.92±7.69 160.46±167.14 
Urological surgery 41.66±21.19 1.61±0.64 5.61±4.89 124.21± 104.86 
Gynecological surgery 49.06±12.26 2.06±0.89 7.67±2.84 91.33±53.16 
Plastic and Reconstrictive surgery 39.9±12.25 1.53±0.74 4.1±0.91 140.25±103.15 
Ocular surgery 12.76±10.20 1.59±0.66 3.07±2.78 107.30±67.59 

Values are mean±SD. 
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Table 6. Distribution of patients according to ASA, surgical complexity classification and I-TIS scores 

ASA status n Age, yr (mean ± SD) Surgical complexity  (mean ± SD) I-TIS (mean ± SD) (Range) 
I 397 29.09±17.01 2.23±1.23 4.77±3.28 3-21 
II 300 51.57±16.15 3.42±2.37 6.97±6.35 3-32 
III 151 63.32±14.39 5.0±2.69 10.16±6.75 3-33 
IV 11 63.4±11.87 5.8±1.5 14.2±8.19 3-35 

Table 7. Distribution of the outcome of the patients according to Surgical Complexity Classification 

 
 

PACU<1hr 
n(%) 

PACU>1hr 
n(%) 

ICU<24 hr 
n(%) 

ICU>24hr 
n(%) 

Minor(1) 152(98.7) 2(1.3) __ __ 

Moderate(2) 419(99.5) 2(0.5) __ __ 
Major(4) 160(93.02) 12(6.98) __ __ 

Major plus(8) 93(83.0) 14(12.5) 3(2.7) 2(1.8) 
 
Correlations between the ASA physical status and  

the I-TIS scores were examined with Spearman correlation 
coefficients. The correlation between the I-TIS and surgical 
complexity was determined by using a logarithmic correlation 
coefficient. Age of the patients, duration of anesthesia and 
I-TIS scores were expressed as a mean ± standard deviation. 

3. Results 

After approval of Scientific Research Ethics Committee 
and patients’ informed consent, a total of 859 anesthetic 
procedures were evaluated. The intervention received a 
value of 1-4 points, with a maximum possible score of 202. 
Each patient was given at least 3 points for endotracheal 
intubation/laryngeal mask insertion, one intravenous catheter 
and routine monitoring. Patient’s data were summarized  
in Table 4. One-hundred-fifty-four (17.92%) patients 
underwent operations classified as surgical complexity 
score of 1, 421 operations (49.01%) having a score of 2, 
172 (20.02 %) and 112 (13.03%) operations having a 
score of 4 and 8 respectively. Distribution of surgical 
procedures according to age, duration of anesthesia,  
their ASA status and I-TIS scores were shown in Table 5. 
The highest scores were with anterior-posterior spinal 
instrumentation, total laryngectomy and intracranial 
clipping of an aneurysm. Variations of ASA status 
according to age, surgical complexity and I-TIS scores 
were summarized in Table 6. 

The association of the I-TIS score with ASA physical 
status scoring was examined. The correlation coefficient 
of the ASA with I-TIS was r = 0.55 (p<0.01). The 
correlation between the surgical complexity and the I-TIS 
was r= 0.66 (p<0.001). 

Distribution of the patients according to the outcome 
was shown in Table 7. Five patients with ASA IV and  
I-TIS score more than 25 were admitted to intensive care 
unit. Their surgical complexity was a major plus (8 points). 
Two of them were followed up six hours and the others 
stayed more than 24 hours. No mortality was recorded. 

4. Discussion 

Perioperative assessment of the patients is a topic which 
is commonly discussed in anesthesiology society to define 
the comorbidities and other risk factors affecting the 

postoperative status of the patients [6]. Preoperative 
assessments serve medical optimization of the patients 
preoperatively for decreasing morbidity and improving 
outcomes. For this reason, the preoperative visit must be 
patient-directed, targeted interventions rather than 
protocolized routine preoperative preparations [7]. In 2009, 
a report from the Centers for Disease Control and 
Prevention claimed that more than 34 million ambulatory 
surgical visits were performed in the United States 
annually, and the reported safety profile of outpatient 
surgery has historically been excellent [8]. 

Different approaches have been made to verify the 
relations between surgical procedures and the possibility 
of perioperative adverse events. An internet-based 
program was established for assessment of preoperative 
cardiac risk and it may help physicians to establish the risk 
by entering variables on this program [9]. 

Risk stratification scoring systems can estimate the 
population risk, such as the American Society of 
Anesthesiologists Physical Status score (ASA-PS), and 
they may estimate the individual Risk such as the Lee 
Revised Cardiac Risk Index (RCRI), Charlson Index and 
Physiological and Operative Severity Score for the 
enUmeration of Morbidity and Mortality (POSSUM).  
Pre-operative Therapeutic Intervention Score is another 
scoring system using diagnostic and therapeutic 
interventions as its variables [10].  

Scoring systems and risk predictors were designed to 
classify the severity of illness or the course of diagnosis 
and therapeutic interventions and to perform a risk 
stratification [11]. The ASA grading has been the most 
important instrument for assessing the patients’ baseline 
health status and also applied with other variables  
to predict postoperative complications but significant 
variations should be considered in large and culturally 
heterogeneous countries [12]. It’s been previously shown 
that increase in intraoperative blood loss, duration of 
postoperative ventilation, duration of intensive care stay, 
rates of pulmonary and cardiac complications, and  
in-hospital mortality significantly related in increase the 
ASA status from I to IV [13].   

The development of objectives for the I-TIS was  
for an easily used scoring system to quantify the extent of 
physiological monitoring, therapeutic or other (non-surgical) 
interventions, and biochemical diagnostic testing performed 
during surgery. Klein et al [4] suggested that the score 
correlated well with surgical complexity and was able to 
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differentiate between the intensity of care during various 
surgical procedures. As the authors mention that limitation 
of the evaluation of score which was performed in a  
single institution. There may be institutional differences  
in routine monitorization during surgical procedures.  
In our institution, central venous catheterization and  
invasive arterial monitorization were applied to all major 
operations. So, this adds four points to score. We found 
that there was a correlation between ASA and I-TIS scores 
and surgical complexity was well correlated with I-TIS. 
These results are similar to the results of Klein et al’s 
study [4]. 

It was reported that I-TIS should be evaluated by  
multi-center approach for the exact definition of its 
validity for preoperative assessment and prediction the 
strength of postoperative care. Further, its usefulness is 
not certain in some situations like trauma and ICU-bound 
postoperative patients and it was claimed to be simplified 
for easy use by reducing the number of variables [14]. 

In order to find out whether a score is appropriate for  
a specific situation, a number of aspects have to be 
considered. These aspects include quality characteristics 
of the measurement instruments, as well as its applicability. 
Reliability describes the exactness with which a scoring 
measurement can be performed, how accurate a score can 
be reproduced [15].  

In order to provide accurate and reliable outcome data, 
precise definitions are essential to ensure standardization 
and uniformity of data collection. The reliability and 
validation of a process should be assessed at regular 
intervals [16]. We studied this score for the assessment of 
reliability and validity. However, its use is neither  
simple nor rapid and time-consuming. In contrast, the 
ASA classification represents a simple estimation of 
physiological status and can be applied to every patient.  

The correlation between ASA classification and 
postoperative mortality has been previously reported and 
absolute mortality rates showed considerable variation 
[17,18]. Wolters et al [19] concluded that ASA physical 
status classification was a predictor of postoperative 
outcome. Their data, with mortality rates of 0.1% for ASA 
I, 0.7% for ASA II, 3.5% for ASA III, 18.3% for ASA IV 
and 93.3% for ASA V, were based on all deaths in 
hospital after surgical intervention. Donati et al [20] 

developed the logistic regression model for predicting the 
operative risk. Although they suggested this new model 
could be helpful for both surgeons and anesthetists, it was 
complicated and confusing. 

The Physiological and Operative Severity Score for the 
enUmeration of Mortality and morbidity (POSSUM) 
scoring systems have been validated in patients undergoing 
general, colorectal and vascular surgery [3,21,22]. This 
score was devised in the UK and has been used widely, 
but the application of it has been limited outside the UK. 
Yii et all [23] confirmed that this system was applicable to 
the Malaysian setting. 

As previously mentioned ASA scoring system may 
show significant variation in large and culturally 
heterogeneous countries, but it seems still widely and 
easily used scoring system. I-TIS scoring system may be 
validated to our surgical patients but the reliability of  

this score is debatable. Until a new scoring system is 
introduced, ASA scoring system will sustain its popularity 
for perioperative risk adjustment of the surgical patients.  
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