Pre-anaesthetic blood tests in geriatric cats and dogs: anaesthetists prediction and peri-anaesthetic changes.
Abstract

Objectives: 

To describe the impact of routine pre-anaesthetic blood test results on the American Society Anesthesiologists (ASA) physical status classification, anaesthetic protocol and procedures, as well as evaluating the ability of anaesthetists to predict abnormalities in cats and dogs older than 8 years.

Study design: 

Observational, prospective, clinical multi-centre study. 

Animals or Animal population: 

A total of 333 client-owned dogs and cats.

Methods

After a clinical examination and review of the animal´s clinical history, anaesthetist completed the first part of a questionnaire that included ASA status and anticipated abnormalities in blood tests. Following this, blood workup was presented and the anaesthetist completed the second part of a questionnaire, including changes in ASA status or anaesthetic protocol, and procedure delay or cancellation. Pre-anaesthetic blood tests included: haematocrit and urea, creatinine, total proteins, electrolytes, glucose, lactate, urea and creatinine. Examiners were classified as senior clinicians, clinicians, anaesthesia residents or nurses, and interns. For statistical analysis, chi-squared test was used for non-parametric data. A p value < 0.05 was considered significant. 

Results

The ASA status increased in 4 animals (1.2%), in two of them abnormalities were not expected by the examiner. The anaesthetic protocol changed in 7 animals (2.1%); the most common change related to fluid therapy. Anaesthesia was delayed in two animals (0.6%) to receive fluid therapy. No cases were cancelled. Abnormalities were more commonly found (64% assessments) when the anaesthetist predicted them compared to (18% of assessments) when they were not expected (p < 0.001). No statistically significant differences were found between different assessors to predict abnormalities in pre-anaesthetic blood tests. 

Conclusions and clinical relevance

Routine non-targeted blood tests in geriatric cats and dogs led to few changes in the anaesthetic management and anaesthetists predicted blood test results in most cases. The present study does not support the need for non-selective and non-targeted preoperative blood tests. 
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Introduction 

Pre-anaesthetic blood tests are used to assess previously known diseases, detect undiagnosed disease and establish baseline values for an animal. Results of these tests may alter perceived anaesthetic and surgical risk, change anaesthetic management or lead to procedural cancellation. Abnormalities in certain haematologic and biochemical parameters have been associated with an increase in the odds of anaesthetic-related death in dogs 
 ADDIN EN.CITE 
Brodbelt (2006); (Itami et al. 2017; Matthews et al. 2017)
.
Human guidelines are typified by those produced by the Association of Anaesthetists of Great Britain and Ireland (Verma et al. 2010). In their guidelines, review of patient history and performing a patient examination by competent personnel are considered the most efficient and accurate way of initially detecting significant morbidities. 
Few studies in veterinary literature have evaluated the usefulness of pre-anaesthetic blood tests. A retrospective study evaluating the effect of pre-anaesthetic blood tests on the management found a high incidence of anaesthetic changes, but the agreement between assessors was poor (Mitchell et al. 2018). Another retrospective study concluded that pre-anaesthetic blood tests were valuable for animals undergoing general anaesthesia, although the tests did not have clinical value for the majority of cats and dogs (Davies & Kawaguchi 2014). Alef et al. (2008) evaluated the effect of pre-anaesthetic blood tests in dogs and concluded if no abnormalities were found in the medical history or on clinical examination, pre-anaesthetic blood tests were unnecessary.

Current veterinary recommendations vary. The Association of Veterinary Anaesthetists (Spring Meeting, 1998) debated the need for routine pre-anaesthetic blood work, and voted that they were unnecessary if the clinical examination was adequate (Clarke et al. 2014). The American Animal Hospital Association (AAHA) Senior Care Guidelines, the American Association of Feline Practitioners and the Australian Veterinary Association guidelines for anaesthesia recommend different non-targeted laboratory tests 
 ADDIN EN.CITE 
(Epstein et al. 2005; Robertson et al. 2018; Warne et al. 2018)
. The most recent AAHA anaesthesia guidelines recommend to evaluate risk factors and specific animal concerns to determine the need for specific pre-anaesthetic tests (Grubb et al. 2020). Targeted tests are important tools to help confirm or exclude diseases, however the cost-benefit of routine pre-anaesthetic blood tests in animals which are apparently healthy is debatable (Clarke et al. 2014).

The aim of this study was to describe the impact of routine pre-anaesthetic blood test results on the American Society Anesthesiologists (ASA) physical status classification, anaesthetic protocol and procedures, as well as evaluating the ability of anaesthetists to predict abnormalities in geriatric cats and dogs. 

Material and methods 
This prospective clinical observational study was performed at two veterinary referral hospitals in the United Kingdom (**** and ****). This study was approved by the **** Ethics Committee (44-2016). Owner consent was obtained.
Pre-anaesthetic blood tests were hospital policy for all animals aged eight years and older. Pre-anaesthetic evaluations were excluded if a machine fault was detected, where recent blood results existed (previous 6 months) or tests had been performed at an external laboratory. The following blood haematological and serum biochemical parameters were measured: Haematocrit (Hct), total protein (TP), electrolytes (sodium, chloride, potassium), glucose, lactate, urea and creatinine. (****: ABL 90 Flex Plus Radiometer, Radiometer Medical ApS, Denmark; VetTest Chemistry Analyzer, IDEXX, USA; Handheld refractometer, J.A.K marketing ltd, UK. ****: i-Smart 30 Vet, Medical Technology Promedt Consulting GmbH, Germany; Randox Daytona Rx, Randox Laboratories Ltd, UK; Idexx ProCyte Dx, IDEXX GmbH, Germany). These tests were performed on venous samples. Lactate was only measured at one institution (****). 

Examiners were classified as senior clinicians (diplomates of the European College of Veterinary Anaesthesia and Analgesia), clinicians (residency-trained anaesthetists), anaesthesia residents, interns and nurses, and rotating interns. Residents, interns and nurses were under direct supervision of clinicians or senior clinicians. 
After clinical examination and review of the animal´s clinical history, examiners completed a questionnaire without access to the blood test results (Appendix A). The first part of questionnaire asked for an ASA physical status classification to be assigned and any anticipated clinically significant abnormalities in blood results to be indicated. After finishing the first part, the pre-anaesthetic blood test results were reviewed, and the second part completed. The second part again asked for an ASA status to be assigned, any clinically significant abnormalities to be declared and changes in anaesthetic protocol, delay or cancellation of the procedure to be indicated. Any additional comments were also recorded. 

Statistics

Descriptive statistics were performed, and data is reported as number of animals (n), percentage of the total (%) and median (minimum – maximum) as appropriate. The participation of anaesthetists and their ability to predict pre-anaesthetic blood test results were analysed using chi-squared test. Significance was assumed at p < 0.05. Statistical analysis was performed using computer software (Stata 14; StataCorp LP, TX, USA).

Results 
Data was collected from 365 pre-anaesthetic evaluations of 331 dogs and 34 cats. Thirty-two examinations were excluded due to incomplete blood work (9), questionnaire incorrectly completed (5) or protocol incorrectly followed (18). Therefore, 333 examinations were included in the study for data analysis, of those 29 (8.7%) were cats and 304 (91.3%) were dogs. A total of 217 (65.2%) examinations were performed at **** and 116 (34.8%) at ****. The median age (months) for dogs and cats was 120 (96 – 180) and 130 (99 – 228), respectively. 

Crossbreed dogs (17%) were the most commonly evaluated, followed by Labrador Retriever (14%), Cocker Spaniel (7%), Staffordshire Bull Terrier (5%), Border Collie (5%), Golden Retriever (5%), Jack Russel Terrier (5%), West Highland White Terrier (3%) and Cavalier King Charles Spaniel (3%), amongst others. The most common cat breed was Domestic Shorthair (83%), followed by Persian (7%), British Shorthair (3%), Exotic Shorthair (3%) and Domestic Longhair (3%). 

Forty-one percent of dogs were female (36% spayed and 5% entire), and 59% were male (41% neutered and 18% entire).  Fifty-two percent of cats were male neutered, and 48% were female (41% spayed and 7% entire). 

Clinically abnormal blood test results were recorded in 87 animals (73/304 dogs and 14/29 cats). Overall, 53 animals had one clinically abnormal blood test parameter reported, 18 had two, 12 had three, three had four, and one had six abnormalities reported. The most commonly reported abnormalities were abnormal serum lactate (24/59), potassium (22/87) and urea (21/87).

Changes in ASA grade based on blood test results

Only a small number of animals had a change in their ASA status (Table A). Reporting of emergency status was not included due to inconsistent usage of this designation between anaesthetists. The ASA status increased in four animals (1.2%), three dogs (3/304) and one cat (1/29). In one dog and one cat, abnormalities were not expected. In the cat, the ASA status increased from 2 to 3 due to a low Hct, and high TP, sodium, and chloride values. In the dog the ASA status increased from 1 to 2 due to low Hct. In the other two dogs, abnormalities were correctly anticipated by the anaesthetist, but the abnormalities were greater than expected. In both evaluations the ASA status increased from 2 to 3 after review of the blood tests. In one dog creatinine and urea were higher than anticipated while the other dog had lower TP than anticipated. In all cases of ASA status change the anaesthetic protocol was not changed, neither were the procedures delayed or cancelled.

Changes in anaesthetic protocol, delays and cancellations

Seven animals (2.1% of all cases) had a change in the anaesthetic protocol based on pre-anaesthetic blood test (six dogs [6/304]; one cat [1/29]). In six evaluations (five dogs and one cat), abnormal results were not anticipated by the anaesthetist after physical examination and history review. Changes in the anaesthetic protocol consisted of three dogs receiving fluid therapy prior to general anaesthesia; two dogs receiving a higher fluid therapy rate during the intra-anaesthetic period and one cat receiving a fluid bolus after the induction of general anaesthesia.  Premedication agents were changed in two dogs. One dog had a reduction in the α-2-adrenergic receptor agonist dosage and an increase in the dosage of opioid. The other had a benzodiazepine alone instead of a combination of benzodiazepine and an opioid. In addition, this dog had an isotonic crystalloid fluid bolus prior to anaesthesia causing a delay to procedures. Of the 7 evaluations in which the anaesthetic protocol changed, 4 were undertaken at the **** and 3 at ****. In total, anaesthesia was delayed in two dogs (0.6%) in order to receive fluid therapy prior to anaesthesia. No procedures were cancelled. 

Anaesthetist ability to predict pre-anaesthetic blood test results 

The ability of the anaesthetist to predict abnormal blood tests is shown in Figure A. Abnormalities were more commonly found (in 64% of assessments) when the anaesthetists predicted them compared to (18% of assessments) when they were not expected (p < 0.001). Anaesthetists expected normal pre-anaesthetic blood test in 275 assessments. Of those, 82% did not show clinically significant abnormalities. In 58 assessments, anaesthetists expected abnormalities in pre-anaesthetic blood tests, however in 21 assessments (36%) abnormalities were not found. Anaesthetists correctly predicted the blood test results in 79% of all cases. 
The participation of different anaesthetists is reported in table B. Senior clinicians and clinicians were pooled and due to small numbers of assessments (n = 5) general interns were excluded from analysis. There were no statistically significant differences in the ability to predict abnormalities between clinicians, residents, interns (anaesthesia) and nurses (p = 0.164).
Discussion

The aim of this study was to determine the effect of the pre-anaesthetic blood test results on an animal´s ASA status, anaesthetic protocol and delays or cancellations of procedures, as well as the clinician’s ability to predict abnormalities in a referral hospital environment.  



Pre-anaesthetic blood tests led to a low number of changes in ASA status or anaesthetic protocol, and procedure delay. No cases were cancelled based on pre-anaesthetic blood test results. Anaesthetists predicted correctly the blood test results in most cases. 

The ASA status is used to categorise the health status of animals prior to undergoing general anaesthesia. Higher risk animals (ASA status 3 to 5) have a higher mortality rate and therefore they may require more extensive perioperative management and monitoring 
 ADDIN EN.CITE 
(Itami et al. 2017)
. In the present study, ASA status increased in 1.2% of evaluated animals. Alef et al. (2008) reported an 8% change in ASA status in dogs based on laboratory results. The main reasons were increased enzyme concentrations and/or reduced or elevated white blood cell count, neither were evaluated in this study. Moreover, the use of the ASA status classification by veterinarians has been shown to have a high interindividual variability, what may also explain the difference in ASA status changes between studies (McMillan & Brearley 2013).  

A retrospective study evaluating the effect of pre-anaesthetic tests in healthy dogs of all ages reported that blood tests would change anaesthetic management in 79% of dogs (Mitchell et al. 2018). However, of the anaesthetists reviewing each case, they all only agreed in 3% changes in case management. The poor agreement indicated the high subjectivity in case management and questioned the necessity of most changes being made. The most common change in the current study was fluid therapy administration which is similar to other studies 
 ADDIN EN.CITE 
(Brodbelt 2006; Joubert 2007; Mitchell et al. 2018)
. Davies & Kawaguchi (2014) evaluated the effect of pre-anaesthetic blood tests on dogs and cats of all ages in a first opinion population, 4% of dogs and 9% of cats had a change in the anaesthetic protocol due to abnormal blood test results. In the current study, 6 dogs (2%) and one cat (3.4%) had a change in the anaesthetic protocol. These differences may be explained by the limited number of cats included in this study and differences between a first opinion and a referral animal population. A lower incidence (0.2%) of changes in anaesthetic management in dogs has also been reported in the literature (Alef et al. 2008). However, their routine anaesthetic protocol used was considered suitable for high risk cases and this may have decreased the incidence of alterations in anaesthetic management. Overall routine blood test screening does lead to some changes in anaesthetic management but the consequences of these remains to be evaluated and it is unclear if they lead to changes in morbidity and mortality. Animals with higher ASA status classification, may obtain greater benefit of routine pre-operative blood tests for preparation and stabilization prior anaesthesia (Brodbelt. 2006)
Alef et al. (2008) reported a 0.8% incidence of delay in general anaesthesia, similar to this study whilst an incidence of 6% in cancellations or delays has been reported by others (Mitchell et al. 2018). No procedures were cancelled in this study. The incidence of cancellation is rarely reported. Only one study reported 22% of cancellations in dogs and cats, but it was not investigated if the decision for cancellation was based solely on abnormal blood test results or other factors (Davies & Kawaguchi 2014).  

To the author´s knowledge the ability of anaesthetists to predict blood test results has not been investigated before. In the present study, anaesthetists predicted the majority of clinically significant abnormal results. When anaesthetists expected normal pre-anaesthetic blood tests, abnormalities were found in 18% of assessments. This may be considered a clinically significant number of unpredicted abnormalities. The impact of these unpredicted abnormalities on anaesthetic outcome remains unknown and further studies are required. No statistically significant difference was observed in the ability to predict blood test results by different examiners. However, the contribution of different examiners was unequal with some groups having only a small number of examinations.

In human medicine, clear frameworks exist recommending specific blood tests based on information obtained from the patient´s medical record, physical examination, ASA status, patient interview and the procedure to be performed 
 ADDIN EN.CITE 
(Committee on Standards and Practice Parameters et al. 2012; National Institute for Health and Care Excellence 2018)
. Such clear recommendations do not currently exist in veterinary medicine. The AAHA senior care guidelines recommend a minimum baseline tests for healthy geriatric dogs and cats, including complete blood count, urinalysis, faecal analysis, blood urea nitrogen, creatinine, alanine aminotransferase, alkaline phosphatase, glucose, calcium, total protein, albumin, bilirubin, electrolytes and thyroxine (cats) (Epstein et al. 2005). Furthermore, for those animals that have not had routine blood tests in the previous 6 months, a complete blood count and a dipstick urinalysis with urinary specific gravity (USG) are recommended. One study reported that 30% of geriatric dogs have a subclinical disease, and although the anaesthetic management may not be affected, the pre-anaesthetic period could be an appropriate time to perform further investigations (Joubert 2007). The American Association of Feline Practitioners recommend in cats over 7 years performing a complete blood count, biochemistry panel and urinalysis 


(Robertson et al. 2018) ADDIN EN.CITE . The Australian Veterinary Anaesthesia guidelines recommend performing a minimal pre-anaesthetic screening that includes: Hct, TP, glucose, blood urea nitrogen and USG 


(Warne et al. 2018) ADDIN EN.CITE . Recently published AAHA guidelines state that risk factors and specific patient concerns provide a framework for developing individualised anaesthesia plans and may indicate the need for additional diagnostic testing, stabilisation before anaesthesia, or adjustments in chronic medications (Grubb et al. 2020). The haematological and biochemical parameters recorded at both hospitals in this study reflect historical practice and personal preferences rather than evidence-based medicine.

There is no published evidence demonstrating that routine pre-anaesthetic blood tests decrease anaesthetic morbidity or mortality in geriatric cats and dogs. The lack of clear evidence likely contributes to the diverse and non-specific recommendations on pre-anaesthetic screening. The incidence of mortality in dogs and cats undergoing general anaesthesia has been reported to be as high as 1.29% 
 ADDIN EN.CITE 
(Bille et al. 2012; Gil & Redondo 2013; Itami et al. 2017)
. Whilst one study did not find an association between age and anaesthetic mortality (Bille et al. 2012), another study  found geriatric dogs and cats had a 3.6-fold increase in risk of death 
 ADDIN EN.CITE 
(Bille et al. 2014)
. Cats over 12 years old are reportedly twice as likely to die during anaesthesia compared to cats between 0.5 and 5 years (Brodbelt et al. 2007).. The higher incidence of mortality in geriatric animals could potentially be reduced with pre-anaesthetic diagnostic tests, however it remains unknown if non-targeted pre-anaesthetic blood tests decrease anaesthetic mortality in geriatric dogs and cats.
There are a number of limitations to this study. Data was collected at two centres in which pre-anaesthetic blood tests were different (lactate was only evaluated in one institution) and this may have affected the decision making of the anaesthetists. However, the overall incidence of changes made after reviewing blood test results was similar at both centres indicating this was unlikely to be a problem. Data may not be representative for a wider population because of the small number of pre-anaesthetic evaluations on cats and the limited range of ASA statuses, with few animals assigned a status 3 or higher. The results from this study are mainly focused on animals with ASA status I or II, and the incidence of changes in anaesthetic protocol or delays and cancellations may be different in higher risk cases. Moreover, data was only collected at referral centres and assessments were only performed by trained anaesthetists or those under their direct supervision, and therefore may not be reflective of the general veterinary practice. Anaesthetists reported clinically significant alterations rather than values outside of reference range; therefore, subjectivity is inevitable and it has been previously reported that the agreement between anaesthetist in case management is low (Mitchell et al. 2018). Conversely, this reflects the daily clinical practice where decision-making differs between anaesthetists and parameters are interpreted in context of the animal and its clinical history. It is unknown if these biochemical and haematological parameters tested are the most appropriate for screening for clinically relevant disease prior to general anaesthesia. Cats were considered as geriatric when 8 years or older, however, other studies considered cats as geriatric from 10 to 15 years 
 ADDIN EN.CITE 
(Guedes et al. 2018; Ohlund et al. 2018; Robertson et al. 2018)
. Also, different dog breeds may be considered geriatric at different ages. The incidence of critical anaesthetic events or the effect of pre-anaesthetic blood tests on anaesthetic morbidity and mortality was not evaluated, although this was beyond the scope of the current study.

Conclusion 
Overall, routine non-targeted pre-anaesthetic blood testing in geriatric cats and dogs resulted in low number of changes in the ASA status, anaesthetic protocol or procedures. Anaesthetists predicted blood test results correctly for most animals based on history and clinical examination. 
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Table A. American society of Anaesthesiology (ASA) physical classification status in cats and dogs before and after examination of pre-anaesthetic bloods.
	
	Number of cats (%)
	
	Number of dogs (%)

	ASA status  
	Pre-blood test
	Post-blood test
	
	Pre-blood test
	Post-blood test

	1
	2 (7)
	2 (7)
	
	7 (2.3)
	6 (2)

	2
	17 (59)
	16 (55)
	
	235 (77.3)
	234 (77)

	3
	10 (34)
	11 (38)
	
	58 (19.1)
	60 (19.7)

	4
	0 (0)
	0 (0)
	
	4 (1.3)
	4 (1.3)


 Table B. Predictions of pre-anaesthetic blood test results by different assessors.

	
	Number of correct predictions
	Number of assessments
	Percentage of correctly predicted results (%)

	Clinicians
	154
	184
	84%

	Resident
	27
	38
	71%

	Anaesthesia interns
	44
	60
	73%

	Nurse
	36
	46
	78%


Figure A. Ability of the anaesthetists to predict abnormalities in pre-anaesthetic blood tests.
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Appendices:

Appendix A. Pre-anaesthetic questionnaire 

Part one (before seeing pre-GA blood results)

Discipline: Dermatology  Medicine Neurology Oncology Ophthalmology Orthopaedics Soft tissue

ASA grade:
I
II
III
IV
V
E


Do you expect there to be clinically significant abnormalities in the pre-GA bloods? 

Yes 
No


If YES, why? __________________________________________________________
Abnormal parameters anticipated?

K+  Na+  Cl-   PCV TP  Urea  Creatinine  Glucose

Part two (after seeing pre-GA blood results)

Were there any clinically significant abnormalities in the pre-GA bloods? 


Yes (please detail below) No

If YES, which?  
K+  Na+  Cl-    PCV  TP  Urea  Creatinine  Glucose

ASA grade:
I
II
III
IV
V
E


Did the results of the pre-GA cause a change in plan?
Yes (please detail below) No

 Change to anaesthesia protocol. 

Comments: ___________________________________

 Delay of procedures 
Comments: ___________________________________

 Cancellation of procedures

Comments: ________________________________

Any other comments (optional)
No 


(n = 21)





Did the anaesthetist predict abnormalities pre-anaesthetic blood test?


(n = 333)





Blood test abnormal?





Blood test abnormal?





Yes 


(n = 58)





No 


(n = 226)





No 


(n = 275)





No changes made





Changes made





Changes made?





Yes 


(n = 37)





Changes made?





Yes 


(n = 49)





 No 


(n = 44)





No


(n = 35)





Yes 


(n = 2)





Yes 


(n = 5)








