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INTRODUCTION

With continuous escalation in health-care costs, 
health-care providers and managers are now targeting 
cost-effective yet quality and safe health-care delivery. 
One of the areas which has been scrutinised from 
time to time is the usefulness of routine pre-operative 
laboratory testing as a part of pre-operative 
assessment.[1,2] The task forces of the American Society 
of Anesthesiologists (ASA) and National Institute of 
Clinical and Health Excellence (NICE) have provided 
guidance on the use of pre-operative laboratory tests 
before elective surgeries for last one and half decades.[3,4] 
The current evidence and guidance recommend against 

the practice of routine pre-operative laboratory tests. 
Despite these recommendations, the tradition of 
routine preoperative testing is still prevalent due 
many reasons.[5] Identifying hidden problems that 
may manifest for the very first time, and that may 
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ABSTRACT

Background and Aims: One of the reasons for continued routine pre-operative testing practice 
is the identification of hidden problems which may affect perioperative management. This study 
was aimed to assess the prevalence of abnormal test results, their impact on perioperative 
management and cost-effectiveness for detecting such abnormalities. Methods: This 
observational study was conducted by screening the files of the patients attending pre-anaesthetic 
check-up during December 2016–January 2017. Patients’ physical status, surgery grade, 
normal and abnormal test results and different impacts were noted and expressed in absolute 
numbers/percentage. Number needed to investigate (NNI) to detect a significant abnormality 
was calculated. Results: Data of 414 patients (46.3% male) with mean ± standard deviation age 
43.78 ± 17.24 years and 58.65 ± 12.93 kg weight were analysed. Patients were mostly American 
Society of Anesthesiologists II and underwent National Institute of Clinical and Health Excellence 
Grade 3 surgeries. Totally, 345 (11.6%) test results were abnormal. Only 56 (16.2%) abnormalities 
had an impact in terms of referral, further investigations or delay. Twenty were significant in terms 
of changing perioperative anaesthetic management. Laboratory abnormalities with non-significant 
impact resulted in median delay of 3 days (range 1 to 12 days). The NNI for a significant impact 
and detecting new abnormality was 21 and 28, respectively. Conclusion: Majority (57.2%) of the 
patients had at least one abnormal routine test result but only 1.8% abnormalities had significant 
impact. The NNI to find a significant impact or hidden comorbidity was more than 20.
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necessitate change in perioperative management is 
one such reason. The present study was aimed to 
assess the prevalence of abnormal test results and their 
impact on perioperative management among patients 
undergoing elective surgeries.

METHODS

The present observational study was conducted in a 
tertiary care teaching hospital. With the approval from 
the Institute Ethics Committee, the data collection was 
done between December 2016 and January 2017. The 
study was planned with an expected 30% prevalence 
of abnormal test results which was based on the 
findings of 2-day pilot survey in the same institute. 
The sample size was then calculated using online tool 
OpenEpi (Open Source Epidemiologic Statistics for 
Public Health; http://www.openepi.com/SampleSize/
SSPropor.htm) for an absolute precision of 5%, 95% 
confidence level and for a large (1 million) population 
which gave a sample size of 323. Considering a 
non-randomised sampling, a design effect of 1.25 was 
applied and a target sample of minimum 404 patients 
was taken. Case record files of 414 consecutive 
patients aged 12 years or more, of either sex, attending 
the outpatient pre-anaesthesia clinic (PAC) for 
pre-anaesthesia evaluation and risk stratification 
before planned elective non-cardiac surgeries were 
screened for data. Pregnant patients, bedridden or 
immobile patients whose body weight could not 
be assessed were excluded. Patients’ demographic 
parameters, ASA physical status, grade of surgery 
as per adapted NICE classification, etc., were noted. 
The adapted NICE classification of surgical grades is 
presented in Table 1.[4] All investigations performed 
before the patient was declared fit for surgery after 
evaluation and risk stratification, and their results in 
terms of normal and abnormal tests were noted. To 
make it uniform and to minimise bias, it was decided 
that there would be no intervention by the primary 
investigator and data collector on determining the 
investigations required or to be asked for. Most patients 
attended PAC with routine pre-operative investigations 
as per the existing protocol of the hospital. An 
abnormal test result was said to be impactful if the 
abnormal test resulted in referral, delay, further 
investigations, retesting as well as changes in plan of 
anaesthetic management. Impact was considered to be 
significant only if it led to a change in the perioperative 
anaesthetic management (i.e., postponing the elective 
case for further optimisation, changes in the on-going 
management, altering the anaesthetic procedure and 

monitoring plan.) An abnormal test result which 
could have been expected in a patient from the history 
and clinical examination (e.g., blood urea, serum K+, 
creatinine in a patient with known kidney disease, 
anaemia in a clinically pale patient or with a history of 
menorrhagia, etc.) that led to a change in perioperative 
management, was not considered of impact as these 
pre-operative tests could not be defined as routine 
but as disease-specific investigations. Similarly, a 
new diagnosis of hypertension leading to an impact, 
whether significant or not, was not included in the 
study for analysis as the diagnosis and impact was 
based on clinical finding (i.e., blood pressure value), not 
pre-operative laboratory test values. Haemoglobin (Hb) 
level <12 g% was noted as anaemia in this study. For the 
other tests, results were considered abnormal if it was 
outside the normal reference range for the laboratory. 
The number of patients having Hb <10 g%, platelet 
counts <100,000/mm3 as well as <75,000/mm3, blood 
sugar >200 mg% and >250 mg%, abnormal thyroid 
hormone levels, etc., were also noted. Number of 
newly diagnosed comorbidity (disease) from the 
investigations was also noted. Numbers of abnormal 
tests as well their impact were expressed in absolute 
number and percentage scale. Number needed to 
investigate (NNI), the ratio of number of abnormal 
test results to the total number of tests, for detecting 
an abnormal test result with a significant impact was 

Table 1: Surgical grades and examples adapted from 
National Institute for Health and Care Excellence
Grades Examples (not limited to)
Grade 1 
(minor)

Excision, biopsy incision and drainage of lesion of 
skin; drainage of breast abscess; cataract surgery; 
circumcision, etc.

Grade 2 
(intermediate)

Primary open repair of inguinal hernia; excision 
of varicose vein(s) of leg; eversion of hydrocele 
sac; tonsillectomy/adenoidectomy; arthroscopy; 
cystoscopy; mini‑laparotomy for tubal ligation; 
haemorrhoidectomy, lateral sphincterotomy; biopsy 
of oropharyngeal lesions; ureterolithotomy; tension 
band wiring of patella, K‑wire fixation for small bone 
fractures, etc.

Grade 3 
(major)

Total abdominal hysterectomy, vaginal hysterectomy, 
diagnostic hysterolaparoscopy; endoscopic resection 
of prostate, bladder tumour; lumbar discectomy; 
thyroidectomy; laparoscopic/open cholecystectomy/
appendectomy; laparoscopic hernia repair; modified 
mastoidectomy, functional endoscopic sinus surgery; 
mandible surgeries; major long bone surgeries; 
modified radical mastectomy, etc.

Grade 4 
(major plus)

Total joint replacements; lung operations; colonic 
resection; laparoscopic/open cholecystectomy 
with common bile duct exploration and proceed; 
radical neck dissection; neurosurgery; cardiac 
surgery, radical cancer surgeries of head and neck, 
gastrointestinal tract, renal, etc.

Page no. 32



Karim, et al.: Impact of abnormal pre-operative tests

25Indian Journal of Anaesthesia | Volume 62 | Issue 1 | January 2018

also calculated. Metric data were further analysed 
for measuring central tendencies and dispersions 
using INSTAT software (GraphPad Prism Software, 
La Jolla, CA, USA). P < 0.05 was taken a statistically 
significant.

RESULTS

Data from a total of 414 patients’ who had completed 
the PAC procedure for elective surgeries during the 
observation period were included for analysis. The 
patients were in the range of 12–95 (median 42) years 

of age and 24–106 (median 58) kilograms of weight. 
Majority of the patients were female and ASA physical 
status II. The age, sex, ASA physical status classes and 
NICE surgical grade wise distributions are shown in 
[Table 2]. One hundred seventy (41.1%) of the patients 
had at least one comorbid medical conditions (either 
known or newly diagnosed); anaemia (117 of 414; 
28.3%) followed by hypertension (20.5%) being the 
most common. Fifty-seven (13.8%) of the patients had 
more than one comorbidity.

A total of 2972 (in an average more than 7 tests 
per patient) tests were done as a part of routine 
pre-operative work-up. A total of 237 (57.2%) patients 
had 345 (11.6%) abnormal test results; anaemia 
(Hb <12 g%) being the most common abnormality 
(117 of 345; 33.9%). Fifty-six (16.2%) abnormal tests 
had an impact; of these, 20 (35.7%) were significant as 
they lead to changes in perioperative management. The 
distribution of different routine tests done, respective 
number of abnormal test results and impacts are shown 
in Table 3. Although the mean age of female patients 
was lower as compared to male (42.07 ± 16.08 vs. 
45.76 ± 18.35; P = 0.029), the incidence of abnormal 
tests among female and male were not different 
(10.8% vs. 12.3%, respectively; P = 0.274).

A total of 227 out of 345 abnormal test results could 
be regarded as new or hidden and/or suggested a 
new diagnosis. However, only 15 (6.6%) of these 
were found to be significant. Low Hb was the 
commonest hidden abnormality found followed by 
abnormal electrocardiogram (ECG) (11.4% among the 
ECGs done). Although anaesthesiologists were mostly 
(70 out of 93; 75.3%) unable to detect mild anaemia (Hb 

Table 3: Distribution of routine tests done with respective results and impacts
Pre‑operative laboratory tests Tests done 

(N=414), n (%)
Abnormal 

tests, n (%)
Abnormal test with Impact (N=tests done)

All tests with an Impact, n (%) Tests with Significant Impact, n (%)
Hb, TLC, DLC, PC 407 (98.3) 137 (33.7) 2 (0.5) 1 (0.2)
Serum Na, K, Ca 365 (88.2) 4 (1.1) 2 (0.6) 0
Blood urea, serum creatinine 392 (94.7) 5 (1.3) 0 0
PT, aPTT, INR 140 (33.8) 0 0 0
Blood sugar (RBS, FBS, PPBS) 406 (98.1) 32 (7.9) 10 (2.5) 6 (1.5)
Chest X-ray 387 (93.5) 36 (9.3) 5 (1.3) 1 (0.3)
Electrocardiogram 368 (88.9) 50 (13.6) 13 (3.5) 2 (0.5)
Liver function test 315 (76.1) 36 (11.4) 3 (0.9) 0
Thyroid function test 128 (30.9) 28 (21.9) 14 (10.9) 8 (6.3)
Echocardiography 26 (6.9) 7 (26.9) 2 (7.7) 1 (3.9)
Fasting lipid profile 20 (4.8) 4 (20.0) 0 0
HbA1c 18 (4.6) 6 (33.3) 5 (27.8) 1 (5.6)
Hb – Haemoglobin; TLC – Total leucocytes count; DLC – Differential leucocytes count; PC – Platelet count; PT – prothrombin time; INR – International normalised 
ratio; aPTT – Activated prothrombin time; RBS – Random blood sugar; FBS – Fasting blood sugar; PPBS – Postparandial blood sugar; N – Total number; 
HbA1c – Glycated hemoglobin

Table 2: Demographic, physical status and surgical grade 
wise distributions of the cohort
Parameters n (%) or mean (95% CI) 

or median [IQR (Q3‑Q1)]
Age (years) 43.78 (42.11‑45.44)
Age group

12-40 194 (46.86)
41-65 172 (41.55)
>65 48 (11.59)

Weight (kilogram) 58.65 (57.41‑59.90)
Sex

Male 192 (46.38)
Female 222 (53.62)

ASA physical status 2 [1 (2‑1)]
I 107 (25.85)
II 225 (54.35)
III 75 (18.11)
IV 7 (1.69)
V 0

NICE Surgical grade 2 [2 (3‑1)]
1 138 (33.33)
2 126 (30.44)
3 141 (34.06)
4 9 (2.17)

ASA – American Society of Anesthesiologist; NICE – National Institute for 
Health and Care Excellence; IQR – Inter quartile range; CI – Confidence 
interval; n – number; N – Total number=414
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10 –12 g%) clinically, they were mostly (16 out of 23; 
69.6%) able to clinically detect moderate (Hb 7–10 g%) 
and the only severe anaemia (Hb <7 g%) cases. The 
abnormality/new comorbidities and respective NNI 
are presented in Table 4.

Only one (0.24%) patient with Hb <7 g% required 
pre-operative management of anaemia; No patient 
had platelet counts <75,000/mm3. One patient 
had creatinine >2 mg% and was a known case of 
chronic kidney disease. Six patients had blood sugar 
level >250 mg%; only one of them was new case of 
diabetes.

Thirty-six abnormal tests with an impact did not 
change the perioperative management. Eleven (19.6%) 
out of these patients were cleared on the same day 
without any delay, despite requiring consultation and 
reinvestigation; the other 25 (44.6%) impacts due to 
abnormal test results had a delay ranging between 
1 and 12 days (median delay 3 days) before the patients 
final evaluation and risk stratification was completed.

DISCUSSION

Almost all patients presented with routine pre-operative 
tests done as advised by surgeons. While the majority 
of the patients (57.2%) had at least one abnormal test 
results; the prevalence of abnormal test results was 
11.6%. Notably, only one out of six (16.2%) abnormal 
results had an impact indicating that anaesthesiologists 

considered more than 80% of abnormal test results as 
having no impact. Moreover, only one-third impacts 
actually led to changes in perioperative anaesthetic 
management. These results strongly question the 
necessity for routine preoperative tests.

The traditional practice of routine pre-operative tests 
before elective surgery is still very much prevalent 
both among anaesthesiologists and surgeons.[5] This 
leads to many unnecessary or unindicated tests and 
a huge cost burden.[6,7] The present study also found 
similar results. More than 60% of anaesthesiologist and 
more than 70% of surgeons believe that pre-operative 
tests will detect a hidden abnormality.[5] However, 
the question we need to consider is, do these hidden 
abnormal test results change the perioperative or 
anaesthetic management and outcome significantly? 
A multicentre study found 27% of the patients had 
some abnormal results in the pre-operative tests 
and 54.5% of these abnormal test results were 
newly detected.[8] In the National Surgical Quality 
Improvement Program database, there was at least 
one abnormal test recorded in 61.6% of patients 
who underwent elective, low-risk ambulatory 
surgery. However, surgeries were performed on the 
same day despite having these abnormalities.[9] A 
study conducted in patients of >70 years found 
that abnormal test values were not a predictor of 
post-operative adverse outcomes.[10]

In the present study, 237 (57.2%) of the patients had at 
least one abnormality in the tests done, which is higher 
than the 27% incidence in a previous study.[8] This is 
probably because of the difference in the population 
studied. The present study was done in an island of a 
developing country and a public hospital setup with 
patients belonging mostly to the poor socioeconomic 
status. Anaemia and thyroid hormone abnormalities 
were the major (>50%) abnormalities. Hb <12 gm% 
was taken as cut-off point for anaemia in patients 
aged > 12 years. A total of 16.2% of the total abnormal 
results led to an impact in terms of further testing, 
consultation and referrals, reporting, etc. However, 
only 20 of these impacts led to change in perioperative 
management. These data (20 significant impacts out of 
414 patients) on the other hand indicate that the NNI 
for having a significant impact is 21. When it came to 
detecting/indicating comorbidity (disease), it detected 
a total 227 comorbidities; 117 (51.5%) of these were 
anaemia. Only 15 of these, 227 comorbidities could 
be regarded as significant. Again, these data (15 cases 
of significant new comorbidity out of 414 patients) 

Table 4: Distribution of new comorbidities detected 
with respective impacts in terms of number needed to 
investigate
Comorbidity/abnormality Newly 

detected
NNI Significant NNI

Anaemia (Hb 10‑12 g%) 93 (22.9) 4 0 >n
Anaemia (Hb<10 g%) 24 (5.9) 17 1 (0.2) 408
Polycythaemia 1 (0.24) 417 0 >n
Thrombocytopenia (<1 lac/mm3) 3 (0.7) 135 0 >n
Thrombocytopenia (<75,000/mm3) 0 >n 0 >n
Coagulation disorder 0 >n 0 >n
Diabetes mellitus 6 (1.5) 68 1 (0.2) 406
Dyselectrolytemia 4 (1.1) 92 1 365
Hypothyroidism 7 (5.5) 18 5 (3.9) 26
Dysrhythmia, heart block 16 (4.3) 23 3 (0.8) 123
ST-T changes/depression 23 (6.3) 16 1 (0.2) 368
Myocardial ischemia 3 (0.8) 123 1 (0.2) 368
Cardiac dysfunction from echo 7 (26.9) 4 1 26
Liver failure 0 >n 0 >n
Lung abnormality 36 (9.3) 11 1 387
Renal failure (serum creatinine 
>1.2‑2)

4 (1.02) 98 0 >n

NNI – Number needed to investigate; Hb – Haemoglobin; n – Number which is 
414 in this study
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Table 5: Cost analysis of the routine tests
Name of the tests Number of 

tests done
Price in public 
affiliated sector
Rate Total cost

Hb, TLC, DLC, PC 407 183 74,481
Serum Na, K, Ca 365 220 80,300
Blood urea, serum creatinine 392 102 39,984
PT, aPTT, INR 140 212 29,680
Blood sugar (RBS, FBS, PPBS) 406 72 29,232
Chest X-ray 387 60 23,220
Electrocardiogram 368 50 18,400
Liver function test 315 225 70,875
Thyroid function test (TSH, T3, T4) 128 400 51,200
Echocardiography 26 100 2600
Fasting lipid profile 20 200 4000
HbA1c 18 130 2340
Total 2972 426,312
Average price per patient 1029.74
Disclaimer – All prices are in Indian Rupee. Public sector costs are 
as per Government of India subsidised institutions price like AIIMS 
and HINDLABS™ – Diagnostic centre of HLL life care Limited. 
Thiruvananthapuram, Kerala, India. However, prices may vary a lot and is 
mostly higher than the price mentioned here. Hb – Haemoglobin; TLC – Total 
leucocytes count; DLC – Differential leucocytes count; PC – Platelet count; 
PT – Prothrombin time; INR – International normalised ratio; aPTT – Activated 
prothrombin time; RBS – Random blood sugar; FBS – Fasting blood sugar; 
PPBS – Postparandial blood sugar; HbA1c – Glycated haemoglobin; 
TSH – Thyroid stimulating hormone; T3 – Triiodothyronine; T4 – Thyroxine

indicate that the NNI for finding a significant 
impactful comorbid condition is 28. These NNI 
numbers (i.e., 21 and 28) may be looking rewarding 
and some of us may argue that it can work as screening 
point/tool. In this context, we have to remember that 
the use of the pre-operative tests as screening tool for 
detecting new hidden asymptomatic disease is also 
not advised by experts.[11] Again, cost-effectiveness 
for detecting one such significant case which will 
change perioperative anaesthetic management and 
outcome in terms of mortality reduction have to be 
considered.

The average cost per patient even in government 
subsidized sector for routine preoperative testing was 
1029.74 Indian rupees and is presented in Table 5. 
Considering the present study finding of detecting 
3.6% (15 out of 414) comorbidities, we have to 
routinely investigate 28 patients to find one hidden 
comorbidity, which is going to cost 28,832 Indian 
rupees. In this context we have to also understand 
that when an asymptomatic, undetected and 
uncontrolled disease condition is detected by routine 
test and optimized, it may lead to the patient’s ASA 
physical status changing from III to II.[12] At present 
with the advancement of anaesthesia practices 
and standards the anaesthesia related mortality is 
very low. Forty eight hour post-operative mortality 

of ASA II and III has been shown to be 0.002% 
and 0.028%–0.019%, respectively.[13,14] All these 
indicate that routine preoperative testing is not at all 
cost-effective in changing perioperative anaesthetic 
management and outcome.

A limitation of this study is that it is based on a single 
centre finding and an observational research with 
extrapolative analysis. Institute to institute variation 
of practice is expected, and such study from few 
other centres or a multicentre study with different 
geographical and varied population will give us a 
better insight.

CONCLUSION

Majority (57.2%) of the patients had at least one 
abnormal test results on routine pre-operative tests, but 
only 56 (1.8%) of all tests performed had any impact in 
terms of referral, further testing, medication change, 
or delay. Only 0.67% of all tests had a significant 
impact in terms of changing perioperative anaesthetic 
management. Insignificant impacts however caused 
a median delay of 3 days. The Number Needed to 
Investigate to have a significant impact or detecting a 
hidden comorbidity was >20.
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