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Abstract: As a quality improvement tool, clinical audit has been extensively described in the medical
literature. There is scant literature on the use of clinical audit in the farm animal veterinary setting.
This study describes the process and feasibility of prospective and retrospective data collection for
farm animal clinical audit performed at three different farm animal practices in the United Kingdom.
Retrospective clinical audit was difficult in all three practices due to barriers in establishing diagnosis
and patient identity from clinical records. Prospective data collection proved feasible but depended
on adequate case accrual and practitioner engagement. The decision to conduct clinical audit
retrospectively or prospectively will depend on the topic to audit, the availability of data and the
wishes of the team members involved. Further work is required looking at the use of clinical coding
and alternatives to using practice management software to improve retrospective data availability
for clinical audit.

Keywords: clinical audit; farm animal practice; farm animal veterinary medicine; quality improvement;
retrospective clinical audit; prospective clinical audit

1. Introduction

Clinical audit is a quality improvement tool that can be used to measure process,
structure, or outcomes of care provided by veterinary surgeons and practices [1,2]. Its
use as a standard for clinical governance is encouraged in the United Kingdom (UK)
by the Royal College of Veterinary Surgeons [3]. Clinical audit is considered to be a
cyclical process in which patient care processes or outcomes are measured against explicitly
defined quality criteria; results are then used to revise and implement changes in process
or procedures of care with iterative re-evaluation of quality improvement on re-audit [4].
Clinical audit in human medicine typically relies on comparison of current practice or
outcomes to well defined and evidence-based ‘gold standards’. In veterinary medicine,
lack of evidence-based standards in many areas means that clinical audit may be done to
compare practice with a consensus or opinion-based standard, or may be used to create
standards or values that allow individual practices to benchmark against processes or
outcomes of other practices [5,6].

Clinical audits can be conducted in a number of areas: process (e.g., adherence to
protocols, delivery of services), outcomes (client or patient results), structure, or for a
single critical event [7]. Collection of measurable data for any type of clinical audit is
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critical to audit success and can be done retrospectively, by examining data that already
exists, or prospectively, with data collected at the time of clinical service delivery [8]. As
retrospective clinical audit relies on pre-existing data, it may be performed more quickly
but at the expense of data quality, and has been suggested to be more appropriate for
historical benchmarking or in response to a critical incident [8]. However, the availability
of suitable data may limit the ability to successfully execute the process [9]. Level of data
existence may depend on the computer software utilised by the practice and the detail
recorded by individual veterinary surgeons.

Although retrospective clinical audit may be most convenient, prospective clinical au-
dit is required where sufficient data does not already exist on the desired topic. Prospective
data collection allows for accurate, unambiguous data to be recorded by clinical staff at the
point of care [8]. However, prospective data collection can increase clinical audit workload
as well as obscure what is actual and routine clinical practice through the Hawthorne
effect [10,11].

A number of small animal clinical audits have been described (reviewed by Rose
and colleagues [6]). Retrospective clinical audits have most commonly been done on
computerized individual patient records using key words, prescription data, or billing
codes. Few farm animal clinical audits have been reported [9,12] and the process of
conducting either retrospective or prospective clinical audit in farm animal veterinary
practice is relatively unexplored. The aim of this study was to describe the implementation
and feasibility of retrospective and prospective clinical audits in three veterinary practices
in the United Kingdom providing farm animal care.

2. Materials and Methods
2.1. Participant Recruitment

Three veterinary practices from different geographic regions of the UK were contacted
by the final author (MLB) to perform clinical audits in partnership with the Centre for
Evidence-based Veterinary Medicine (CEVM). Each practice delivered farm animal care
(predominantly or solely ruminants) either as a farm-animal exclusive or mixed practice.
Study aims and information was provided via a mailed information sheet and followed
up by telephone and email communication with the practice. All portions of this study
and associated work received approval from the School of Veterinary Medicine and Science’s
Clinical Ethical Review Panel at the University of Nottingham (approval number 906 130704).

2.2. Establishment, Monitoring, and Communication Systems of Clinical Audits

For each practice the first author (KW) acted as the coordinator, assisting with the
logistics and data analysis but within each practice, a clinician acted as the clinical audit lead.
An initial in-person meeting (‘priority setting meeting’, PSM) was held by the researchers
at each individual veterinary practice using an amended James Lind Alliance Priority
Setting Partnership Meeting format [13]. Meetings were held at the close of working hours
to optimize opportunity for attendance. Prior to this meeting, team members had been
asked to submit topic ideas which were collated into a list. Final topics were selected
by each practice’s PSM attendees using an adapted nominal group technique [14] with
final selection by consensus or vote during the PSM or later by electronic means; options
for data collection and ongoing communication were also discussed during the meetings.
A consent form assuring practice and practitioner anonymity, as well as the voluntary
nature of study participation, was completed by each veterinarian at the initial meeting.
Subsequent in-person meetings with the researchers occurred after the first round of data
collection, and at the end of the project. Meetings were recorded using a Dictaphone
with participant consent; these were transcribed and assessed by the researchers using a
thematic approach using Microsoft Excel V.14.0.6 software (2010 Microsoft Corporation,
Redmond, Washington, DC, USA). Participants also completed an individual questionnaire
on demographics, education, prior experience with and attitudes toward clinical audit.
Background information on each practice was obtained from a partner or director at the
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meeting via questionnaire regarding staffing, practice standards, case mix, billing, and
practice management software (PMS) characteristics. Practice clients were sent a letter or
newsletter describing the study with voluntary opt-out instructions.

Minutes from the meetings were emailed to the practices within a few days and
included a summary of the meeting and discussion, any supporting documents and the
plan moving forward. Email was also used to advise on changes or updates, collect votes
for decision making, ask for opinions, promote discussion and as reminders for data
collection. A quarterly newsletter was created and sent out to all three practices involved
in the project. The newsletter provided an update on how the work was progressing as
well as conference and publication news.

2.3. Clinical Audit Standards Identification

The literature was searched for any existing standards or evidence relevant to top-
ics chosen by the practices. CAB Abstracts (1910–2014) and Medline (1946–2014) were
searched using keywords and subject headings, as the combination of both provides the
best coverage of veterinary related content [15]. Inclusion and exclusion criteria were
applied to identify relevant papers; auto alerts were set up for all searches to ensure new
relevant literature was identified as the study progressed.

2.4. Retrospective Data Collection

Each practice was visited by KW to collect information regarding practice systems
for clinical information recording, storage, and utilization. Data collection methods were
examined with assistance from a nominated member of the practice team; data flow was
assessed from the time that farmers telephoned the practice to arrange a visit, through
to billing.

When feasible, retrospective data was collected and collated for each practice’s clinical
audit topic for January–December 2013. Collection and collation was conducted by KW,
with assistance from the practice staff member in each practice.

2.5. Prospective Data Collection

Data were collected prospectively by the veterinary surgeons within their practices
for a pre-set period of time. This was initially suggested as 12 months in each practice.

Participating practices selected their preferred data collection method from a number
of proposed options; all chose paper forms carried in a bound paper data collection booklet.
Data collection forms were carried by the individual veterinary surgeons in practices 1 and 2,
whilst practice 3 opted to place the booklets in ambulatory surgical kits. Data collection
forms were pre-tested by University of Nottingham farm animal and CEVM clinicians and
then further amended after initial pilot studies using participant feedback.

Practice 1 and Practice 2 transferred the information from the booklets to an online
form (SurveyMonkey Inc., San Mateo, CA, USA). In Practice 3, the completed data collection
forms were removed from the surgical kits by a practice veterinary nurse and were then
processed by one veterinary surgeon who entered the information into Microsoft Excel
V.14.0.6 (2010 Microsoft Corporation, Redmond, WA, USA). The follow-up information in
Practice 3 was collected from the milk recording data (Interherd, National Milk Records
PLC, Chippenham, Wiltshire, UK) in batches on regular occasions throughout the audit by
the allocated veterinary surgeon in the practice.

2.6. Data Analysis

Data collected from the retrospective and prospective clinical audit process were
transferred to Microsoft Excel V.14.0.6 (2010 Microsoft Corporation, Redmond, Washington,
DC, USA) by KW and analyzed descriptively by KW and CW. Descriptive statistics were
performed with Stata IC 16 (StataCorp, College Station, TX, USA); data was tested for
normality using the Shapiro–Wilk test; normal data is presented as mean with standard
deviation whilst non-normal data is presented as median and interquartile range (IQR).
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3. Results
3.1. Practice and Veterinarian Questionnaires

All three practices were members of the RCVS Practice Standards Scheme at the Gen-
eral Practice level, and all charged for their work by time spent on the farm (as opposed
to fee-per-task). In total, twenty-three veterinarians between the three practices (median
8 surgeons per practice) conducted either mixed species or farm animal-exclusive work
and included senior and junior staff. Nineteen veterinarians completed the individual
questionnaire. Median time in practice was 9 years (IQR 4-18); fourteen held or were cur-
rently undertaking advanced practice qualifications (RCVS certificate, RCVS or European
Diploma). Sixteen veterinarians indicated they had previously participated in a clinical
audit and all respondents agreed or strongly agreed that clinical audit could improve
practice standards. Most (12/19) believed that clinical audit should be compulsory for farm
animal practice but a substantial number (8/19) agreed with a statement ‘clinical audit
takes up a large amount of time’. Fourteen respondents agreed that they understood the
concept of clinical audit, however free text descriptions of clinical audit varied between
respondents: 10/19 described assessment or measurement of veterinary care, 15/19 men-
tioned monitoring of outcomes, 9/19 described measurement of clinical performance, 6/19
proposed measurement against protocols, benchmarks, or published data. None of the
respondents referenced a cyclical process. Perceived barriers to clinical audit mentioned by
two or more respondents were time (8/19), data accuracy (6/19), participant engagement
(4/19), follow-up data collection (4/19), and diagnostic specification (2/19). Comments
recorded during the PSM paralleled these themes with concerns about data quality and
source, case definitions, and sufficient caseload for audit topic.

3.2. Clinical Audit Topic Selection

Not all veterinary surgeons performing farm animal work were able to attend the initial
meeting: 4/8 vets attended the PSM at Practice 1; 4/6 at Practice 2 and 6/9 at Practice 3.

Multiple topics were nominated by veterinarians in each practice with a number of
suggested topics in common between practices (Table 1). Development of clear case criteria,
predicted case accrual, and feasibility of data collection for each topic were considered.
Clinical audits of clinical process (diagnostic maneuvers or treatments administered) or
outcomes (e.g., fertility, milk yield, complications, cull/survival) were considered, along
with level of interest for each topic. During the PSM with all three practices it was evident
that participants were keen to find answers to frequently encountered clinical problems,
and topic proposals often strayed into areas of practice-based research aimed at answering
those clinical questions.

Practice 1 selected two final candidate topics, with a subsequent vote selecting a
process audit of cystic ovarian disease (COD) treatment on initial and follow-up visits.
Practice 2 team members reached consensus agreement to audit calf pneumonia four-week
survival; this topic was later replaced with a process audit of endometritis treatment due
to poor case accrual for the first topic. For Practice 3, an outcome (survival, milk yield, and
days to conception) audit of left displaced abomasum surgery (LDA) was deemed both
feasible and relevant to the practice by the meeting participants.

3.3. Clinical Audit Standard Selection

CAB Abstracts and Medline searches identified 128 articles relevant to the treatment
of cystic ovarian disease. Multiple treatments of COD were described but no studies or
guidelines for current standard of care were identified. For the treatment of endometritis,
99 relevant articles were identified, none of which identified evidence or guidelines for
a “gold standard” of care. Seven publications were identified in which LDA surgical
outcomes were reported, none of which were clinical practice guidelines. Participating
clinicians at Practice 3 agreed to use these seven publications as benchmarks for their
clinical audit of LDA surgical outcomes [16–22].
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Table 1. Topics considered and selected for clinical audit in each practice.

Topic Practice 1 Practice 2 Practice 3

Calf pneumonia

Outcome audit
(4 week survival)

Discontinued due to
low case accrual

Calf scours
(pre-weaning)

Cystic ovaries
Process audit
(treatments

administered)
Bovine eye diseases

Bovine acidosis
Digit amputation

Dystocia

Endometritis
Process audit
(treatments

administered)
Ketosis

Left displaced
abomasum correction

Outcome audit
(survival, fertility,

milk yield)
Metritis

Tilmicosin for drying
off

Retained fetal
membranes

Right-sided ping
Toxic mastitis

Light grey shading indicates initial topics nominated by the practice; boxed topics were those selected to take
forward as clinical audit topics.

3.4. Potential Sources of Data for Retrospective Clinical Audit

A variety of potential sources of clinical data were available in all three practices but the
level of detail necessary to identify cases varied by practice and by data source (Table 2).

Table 2. Sources of information identified for possible retrospective data collection within the 3 practices undertaking a
farm animal related clinical audit.

Practice Practice Management Software Herd Records Daily Schedule Invoice Items

Practice 1 Robovet
Interherd software
Herd Health Visit

Record Sheets
Online day book Transferred from paper

ticket to PMS

Practice 2 RxWorks Herd Health Visit
Record Sheets Paper day book Transferred from paper

ticket to PMS

Practice 3 Robovet Interherd software Online day book Transferred from paper
ticket to PMS

PMS = practice management software.

3.5. Prospective Data Collection

Details of each practice’s prospective clinical audit topic and processes are found
in Table 3.
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Table 3. Details of the three practices relevant to the prospective clinical audits carried out by each one over the course of
the research.

Practice 1 Practice 2
First Audit

Practice 2
Second Audit Practice 3

Topic to audit COD treatment Calf pneumonia
survival

Endometritis
treatment LDA outcomes

Audit type Process Outcome Process Outcome
Initial data collection Paper form Paper form Paper form Paper form

Follow-up data collection Not applicable Farmer
communication Not applicable Interherd

Participating veterinarians 8 6 6 9
Recording veterinarians 6 1 2 8

Participating farms 27 0 13 27
Months of data collection 8.5 6 4.5 8.5
Examinations recorded 251 1 131 68
Total months of audit

(Topic selection to end of data
collection for analysis)

13 N/A (discontinued) 10.5 12.5

COD = cystic ovarian disease; PMS = practice management software.

3.6. Clinical Audits
3.6.1. Practice 1–Retrospective Clinical Audit

Practice management software (PMS) clinical notes generally included the reason for
the visit but additional data varied greatly between veterinary surgeons–not all veteri-
narians had recorded details about individual animals and clinical findings or treatment
plans were often absent. Clinical notes and billing data were examined for all terms and
invoice items possibly related to cystic ovary disease but no approach was adequate for case
identification. Fertility visit notes were also assessed for case identification: 942 ‘fertility’
visits were recorded, with 20,000 scans but again, no details allowing identification of
COD cases were available. Similarly, Interherd was typically used by the practice for herd
health problem investigation and COD cases were not routinely recorded. Finally, paper
Herd Health Visit Record Sheets (HHVRS) accrued during 2013 were examined. Of legible
findings from 198 HHVRS sheets, 89 individual animal records had a written diagnosis of
‘cystic ovarian disease’—in most cases the type of cyst was not specified (75/89) and were
presumed to be follicular. However, ~20% of these cases were treated with cloprostenol,
suggesting that some of these cases may have been considered luteal cysts (Table 4). In
addition to the cases in which cyst type was not specified, 13 cases had a written diagnosis
of ‘luteal cyst’ and one was diagnosed as a ‘follicular cyst’. The treating veterinarian was
not routinely recorded on the HHVRS data. Data identification and extraction from HHVRS
took KW one day to complete.

3.6.2. Practice 1–Prospective Clinical Audit

During prospective clinical audit, 251 examinations recording ovarian findings in
209 individually identified cattle were logged. Three veterinarians accounted for the major-
ity (90.4%) of the examinations and the majority of records were complete. Average number
of examinations collected during the first three months of audit (39 examinations/month)
declined over the last three months of the audit (20.7 examinations/month). Initial and
follow-up examinations were coded by the veterinarians for 202 and 49 examinations,
respectively. However, examination of individual cow records indicated that a total of
209 cows were examined with 34 of those seen for one or more follow-up examinations
(two visits n = 26, three visits n = 8). Sixteen records coded as follow-up visits were cows
seen on initial exam during the clinical audit period while nine rechecks were not appro-
priately coded. Accurate recording of follow-up examinations was reported to be difficult
in practitioner comments during interim communications.



Vet. Sci. 2021, 8, 62 7 of 15

Table 4. Recorded diagnoses and treatments during Practice 1 clinical audits.

Retrospective Prospective

Diagnosis ‘Cystic’ Follicular
Cyst

Luteal
Cyst

Corpus
Luteum

Uncertain
Cyst

Total findings 75 206 31 12 3

Treatments recorded
Buserelin 1 47 178 4 1 2

Cloprostenol 2 16 3 23 7 0
PRID 3 3 14 0 0 0
CIDR 4 4 8 3 1 1
HCG 5 0 1 0 0 0

Manual rupture 2 6 0 0 0
1. Recorded as Receptal (MSD Animal health) in retrospective audit, Veterelin (Laboratorios Calier, SA) in prospec-
tive audit; 5 mL noted in 86% of retrospectively recorded and 97% of prospectively recorded doses.2. Recorded as
Estrumate (MSD Animal health) in retrospective audit for all but one patient in which Cyclix (Virbac Limited)
was recorded; recorded solely as Cyclix in prospective audit; 2 mL noted in 21% of retrospectively recorded and
40% of prospectively recorded doses; 4 mL noted in 79% of retrospectively recorded and 60% of prospectively
recorded doses. 3. Progesterone Releasing Intravaginal Device (PRID Delta, 1.55 g progesterone, Ceva Animal
Health) 4. Controlled Internal Drug Release insert (1.38 g progesterone, Zoetis UK Limited) 5 Human chorionic
gonadotropin (Chorulon, MSD Animal Health UK); recorded as 10 mL.

The majority of cows were diagnosed by ultrasound (207/209) with no significant
difference in method of diagnosis between the three busiest veterinarians (data not shown).
Follicular and luteal cysts were the most common diagnoses recorded with buserelin the
most common treatment administered for follicular cysts and cloprostenol most commonly
used to treat luteal cysts (Table 4). Dosing was relatively consistent amongst practitioners
for buserelin with identical dose administration in 176/185 of doses recorded. However,
one veterinarian dosed cloprostenol at 0.5 mg (accounting for 11 of 12 administrations of
that dose) whilst other practice veterinarians routinely administered 1.0 mg (18/30 total
cloprostenol treatments). Manual rupture was a rare and unintentional occurrence during
palpation according to free text comments.

3.6.3. Practice 1–Clinical Audit Satisfaction

Results from both retrospective and prospective clinical audits were communicated
with the veterinary surgeons of Practice 1. Just two veterinary surgeons were present
during in-person review of the prospectively collected data: the partner who was clinical
audit lead, and a new associate who had not been involved from onset. Additional
communication with the practice team took place via email. Relative speed and usefulness
of data collection from HHVRS was welcomed for the retrospectively collected data,
although reliability of information was of concern due to the potential transcription errors
during farm visits. Additionally, applicability of data from herd visits two years prior to the
time of the prospective collection was questioned due to changing practice staff, client base,
and frequency of herd health visits. Participants were satisfied that the prospective clinical
audit indicated relatively consistent treatment approaches to COD within the practice.
Change in protocols was not viewed as necessary and a decision not to re-run the audit
was made by the practice as consequence.

3.6.4. Practice 2–Retrospective Clinical Audit

PMS records from Practice 2 generally contained only chargeable invoice items (time
on farm, visit charge, and product sales) with the exception of surgical visits. No clinical
details about individual cases were recorded in the PMS. Day book schedules were also in-
sufficiently detailed to allow identification of calf pneumonia cases. Product sales identified
that 4715 mL of tulathromycin, the antibiotic most commonly used to treat calf pneumonia
in this practice, was dispensed in 2013 but with insufficient detail to allow a clinical audit
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on use or outcomes. Thus, no data sources with which to perform a retrospective clinical
audit were identified.

3.6.5. Practice 2–Prospective Clinical Audits

Clinical audit of calf pneumonia was suspended due to low case accrual (one case in a
six month period). As endometritis had been a popular topic during the PSM, a decision
was made to replace the original topic with that of endometritis treatment.

Two veterinarians accounted for all of the data collected. Data was collected during
four months (July–October), with an additional month of collection in early spring (March).
Average number of examinations collected increased over the first three months of the clin-
ical audit (17, 21, 57 cases, respectively) but declined in the fourth month (17 cases). Initial
and follow-up examinations were coded by the veterinarians for 85 and 45 examinations,
respectively, with one exam not coded. However, inspection of individual cow clinical
audit records indicated that a total of 100 cows were examined with 26 of those seen for one
or more follow-up examinations (two visits n = 21, three visits n = 5). Seventeen records
coded as follow-up visits were cows seen on initial exam during the clinical audit period
while three rechecks were not appropriately coded as such. One veterinarian accounted
for the majority of exams (118/131) and the majority of records were complete. Median
endometritis exams recorded per farm was three (IQR 2-12).

Treatments were administered in 109/131 examinations (Table 5). Cloprostenol (as Cy-
clix) was used as a sole treatment 77% of the time or in addition to systemic antibiotic (16%
of prostaglandin- treated cows) or intrauterine cephapirin (Metricure, 12% of prostaglandin
treated cows). Intrauterine cephapirin was the sole treatment used in 24 patients. Increasing
purulence of uterine discharge was paralleled by increased use of intrauterine or systemic
antibiotic, as did the presence of malodour. The most common systemic antibiotic used
was injectable ceftiofur (recorded as Naxcel, 15/17 systemic antibiotic administrations).

Table 5. Recorded findings and treatments administered during the endometritis prospective clinical audit by veterinarians
in Practice 2 over a 4.5-month period.

Treatments Administered

Total
Findings Cloprostenol 1 Buserelin 2

Cephapirin
Uterine

Suspension 3

Systemic
Antibiotic

Discharge
characteristics

Clear mucus 21 1 0 0 0
Clear mucus with flecks
of pus 25 16 3 4 1

Discharge with < 50% pus 37 25 2 11 6
Discharge with > 50% pus 48 33 1 18 10

Discharge odor No odor 77 49 5 23 9
Malodorous 23 14 0 9 5

Corpus luteum Present 74 72 0 9 12
Absent 57 3 6 24 5

1. Recorded as Cyclix (Virbac Limited) 2 mL. 2. Recorded as Veterelin (Laboratorios Calier, SA) 5 mL. 3. Recorded as Metricure (MSD
Animal Health).

3.6.6. Practice 2–Clinical Audit Satisfaction

Results were communicated with the veterinary surgeons of Practice 2 in an in-
person meeting which most of the original PSM surgeons attended (80%). With regard
to the lack of data for retrospective clinical audit, participants suggested that their shift
from itemized charges to time-based billing resulted in probable data loss and that this
trend was likely to affect many practices engaged in farm animal work. Additionally,
they considered small animal PMS to confer relative advantage for clinical audit due to
automated patient ID recording, which would have to be recorded manually for farm
animal work in their practice.
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Presentation of prospective data stimulated discussion regarding relative efficacy of
intrauterine antibiotic suspension and prostaglandin with different endometritis presenta-
tions. Final data analysis, as well as literature to answer specific efficacy questions were
communicated via an emailed PowerPoint presentation. No further stages of the clinical
audit were conducted as decided upon by the practice.

3.6.7. Practice 3–Retrospective Clinical Audit

PMS records were mainly used for billing purposes but clinical notes, though brief,
recorded reason for visit as well as charged medications. Although most practice activity
was charged by time rather than procedure, LDA surgery was recorded as a chargeable
event. Although a list of LDA surgeries, along with time and place of occurrence, could be
generated from the PMS, patients were not individually identified thus records could not
be linked to follow-up data from Interherd records. Retrospective clinical audit could not
be undertaken because of this issue.

3.6.8. Practice 3–Prospective Clinical Audit

During prospective clinical audit, 68 LDA surgical cases were recorded by eight differ-
ent veterinary surgeons on 27 different farms during a period of eight months (Table 6).
Each veterinarian recorded at least 2 cases (median 6 cases, IQR 3-12). Number of cases
per month was fairly consistent over the time of the audit (median 6, IQR 3–8, range
3–15). Approximately one third had at least one recorded comorbidity (n = 24) with uterine
pathology most common (n = 12). There were no intraoperative deaths. Prognosis was
scored for 67/68 cows with 38 scored as ‘good’, 25 as ‘fair’, and 4 as ‘poor’.

Table 6. Recorded findings from the LDA surgery clinical audit carried out by Practice 3 veterinarians over an 8-month period.

Veterinarian Code
1 2 3 4 5 6 7 8

Total cases recorded 3 3 11 24 8 13 4 2

Rating assigned: Good prognosis 1 3 6 14 2 9 3 0
Fair prognosis 2 0 4 9 5 3 1 1
Poor prognosis 0 0 1 1 1 0 0 1
Prognosis not reported 0 0 0 0 0 1 0 0

Outcome 1 week: Survival 1 week 3 2 5 15 6 9 4 2
Death 1 week 0 0 0 1 0 1 0 0
No survival data 1 week 0 1 6 8 2 3 0 0

Outcome 2 months: Survival 2 months 2 2 5 13 6 8 3 2
No survival data 2 months 1 1 6 10 2 4 1 0

Cases with milk recording
data available 1 2 3 6 2 6 1 1

Mean milk yield (L) 27.1 27.3 36.5 34.4 49.2 40.75 31.2 5.8
Cases with service data 1 2 2 7 3 9 2 0
Cases with conception data 0 1 0 5 1 2 1 0

Follow-up data was not recorded for all cases and was sparse for milk yield and
fertility outcomes. Two of 48 cows for which there was initial survival information died
within one week of surgery, with 46 remaining alive. Two-month survival information was
available for 41 cows, all of whom remained alive. All four cows given a poor prognostic
score at the time of surgery were alive at 2 months; the two patients who died within the
first week were given a fair prognosis. Milk yield was not recorded on all farms (13/27
recording): for 25 cows where data was available, mean milk recorded was 35.3 litres
(Standard deviation 10.6L) at a mean time of 54 days post-LDA surgery (SD 20 days).
Average herd yield from reporting farms was 30.6L (SD 2.87) per cow during this time
period. For 26 cows which had fertility information recorded, mean time to first service
was 63 days (SD 21 days); for 13 cows in which pregnancy outcomes were recorded, ten
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conceived (none from first service), one died from an injury and two were culled. Median
time from calving to pregnancy diagnosis was 94 days (IQR 83-110).

3.6.9. Practice 3–Clinical Audit Satisfaction

Results were communicated via in-person meetings which half of practice surgeons
attended. As LDA surgery continued to be billed as an itemized procedure, many attendees
discussed the addition of an individual cow ID field on farm tickets to enable future
retrospective clinical audits of existing data.

Participants were satisfied that the outcomes garnered from the prospective clinical
audit matched or exceeded benchmarks established in the literature search. A decision
by the practice to extend the clinical audit resulted in the collection of 19 additional cases
which did not substantially alter the original findings (data not shown). No further stages
of clinical audit were conducted.

3.6.10. All Practices–Practitioner Feedback on the Clinical Audit Process

Comments from participants at final clinical audit meetings contained similar themes.
In general, participants assessed the experience as interesting and useful, particularly
in stimulating discussion of current best evidence for diagnosis and treatment of each
condition, as well as reassuring for their own practice. The relationship between clinical
audit and research was discussed at length in all final meetings with the suggestion
that differentiation is more difficult in situations where there is relatively little clinical
evidence. Some expressed an interest in re-running similar audits due to changes in
products, processes, and staff members since the initiation of the clinical audits. However,
one or more participants expressed concerns regarding time requirements, cost–benefit
to the practice, lack of robust evidence against which to compare clinical audit results,
decreased staff engagement over longer time periods, biased data by variation in farmer
herd health strategies, as well as the possibility of selective outcome recording by clinicians
in prospective clinical audits. A number emphasized the importance of a clinical audit
leader, as well as short duration clinical audits on simple topics to enhance the likelihood
of success and engagement. One practitioner felt that university participation in clinical
audit could better align academic veterinary research with veterinarians in private clinical
practice and a number of participants were keen to bridge the perceived gap between
university and practitioner research priorities.

4. Discussion

Clinical audit was adopted from the medical profession in the late 1990s and is now
widely discussed as a quality improvement tool in veterinary medicine [1,6]. While there
have been prior reports of clinical audit in veterinary medicine, to date this is the most
extensive description of the clinical audit process used in farm animal practice. We found
that while practitioners were enthusiastic about clinical audit, retrospective clinical audit
may be more challenging to undertake in farm animal practice: prospective data collection
is feasible but workload, duration, and ease of case accrual and follow-up should be
considered when initiating the project.

Clinical audit as performed in human medicine often measures service delivery or
outcomes against explicit criteria based on evidence-based standards of care. In this
setting ‘research is concerned with discovering the right thing to do whereas audit is
intended to make sure that the thing is done right’ [23]. In veterinary medicine, little high-
quality evidence exists for many treatments, procedures or outcomes, thus standards or
benchmarks are less obvious. Evidence-based standards or guidelines could not be found
for any of the clinical audit topics selected by participants. Without defined ‘gold standards’,
the ambiguity of clinical audit versus practice-based research was a recurrent topic amongst
participants throughout this project. This uncertainty concurs with findings from surveys
of farm animal and equine practitioners [24,25]. One source of the confusion may be that
clinical audit and clinical research can be very similar and can potentially produce the



Vet. Sci. 2021, 8, 62 11 of 15

same, or similar, data and utilize similar data sources and collection methods [26]. The
distinction between clinical research and clinical audit are suggested to be driven by sample
size, data quality and complexity, ethical review, and external validity [23,26,27] but those
contrasts are lessened in veterinary medicine where much of clinical research is comprised
of retrospective observational studies from referral populations and where the ‘right thing
to do’ is often uncertain [28–30].

Prior reports have described the use of existing data for retrospective clinical audit [9,31,32],
but no previous publications have examined the implementation of retrospective clinical
audits in different farm animal practices. Although there are a number of different ways in
which farm animal practices store data, the amount and quality of information found in
the three practices was sparse and limited the ability to conduct retrospective clinical audit.
Although enough data was found to look at the treatment of COD in Practice 1, the lack of
any clinical data in Practice 2 and the lack of patient identification in Practice 3 prohibited
any form of retrospective data collection on the chosen topics. The data that was found in
Practice 1 was from an unexpected source and results paralleled those from the prospective
clinical audit of the same process, though with less diagnostic detail. The ability to conduct
retrospective clinical audit will depend on the availability of existing data, and this may
be challenging in instances where individual patient identification does not appear to be
routinely recorded or linked to clinical notes. Retrospective clinical audit using PMS data
may be more feasible in companion animal medicine where unique patient identification is
routine and there is institutional support for database management and coding systems; in
farm animal practice, alternative sources may be a richer source of data.

Practitioners found prospective data collection forms relatively easy to use and on-
farm recording was believed to maximize accuracy. Subsequent transfer to an electronic
format was somewhat more time consuming; utilization of a mobile off-line data collection
tool could streamline this process [33]. The data collection forms represented a compromise
between participants’ desire for detailed information against perceived time constraints
and client acceptance of data recording. It is possible that key data collected in all three
prospective clinical audits may have been obtained with fewer questions. Initial data
quality was high, although complete follow-up data was notably more difficult to obtain, a
factor which should be considered in planning outcome audits. Other authors [10] have
suggested that data collection for prospective clinical audit is relatively labour intensive
and of relatively long duration for adequate case accrual. Our results suggest that workload
and duration may be modifiable factors with careful planning of the clinical audit but audit
coordination is still a time-intensive activity.

Clinical audit duration was somewhat affected by the logistics of practitioner meetings
and speed of case accrual. Practice meetings were sometimes difficult to schedule due
to the ambulatory nature of farm animal work and, despite being arranged to maximize
attendance, not all participants were able to attend. Case accrual was affected by frequency
of presentation and seasonality, and in the case of Practice 1, declined over time. Due to
the varying case mix between participants, not all veterinary surgeons were able to equally
participate, despite the intention of wide engagement. In Practice 2, there was an explicit
trade-off between wider participation and timely accrual which resulted in a change of
clinical audit topic. Over the course of this project, a number of staff changes occurred at
each of the three practices such that not all initial participants were still with the practice
at clinical audit completion and final meetings were attended by new staff who had not
previously participated. Lack of staff continuity and adequate authority has been cited as a
barrier to clinical audit cycle completion after initial data collection [34].

Time is consistently reported as a barrier to clinical audit [35,36]. Similar to our
findings from a national survey of attitudes of farm animal veterinarians towards clinical
audit [25], time burden was often raised as an area of concern. Within the NHS, clinical
audit is government-supported through both hospital and national audit infrastructure
and personnel [34,37,38]. However, even with institutional support, post-graduate medical
trainees still view clinical audit as an additional time burden [36]. Veterinary clinical audit
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must, by necessity, be self-funded by the practice [37] and be performed with little or no
governmental support. Veterinary surgeons, particularly those in farm animal practice,
are at financial risk and have relatively long duty hours [39,40]. The practitioners in
the three practices and in the nationwide survey suggested uncertainty about the cost-
effectiveness of clinical audit in farm animal practice [25]. The clinical audits reported
here were coordinated by a single researcher (KW) for periods ranging from 11 to 28
months with financial support from the Centre for Evidence-based Veterinary Medicine;
no cost accounting of researcher or practice staff time was done but the participants felt
that researcher assistance was essential to the performance of their clinical audits.

Relatively large amounts of time and resources have been spent on researching and
promoting clinical audit in comparison to other quality improvement methods. Clinical
audit has been incorporated into the RCVS Code of Professional Conduct and the RCVS
Practice Standards Scheme, it is listed as an RCVS CPD activity and a clinical audit module
exists for the RCVS Certificate in Advanced Veterinary Practice. RCVS Knowledge has more
recently provided clinical audit training with freely available courses and templates (https:
//knowledge.rcvs.org.uk/quality-improvement/tools-and-resources/clinical-audit/) and
there have been guidance articles produced previously [1,4,5,41–43]. Additionally, RCVS
Knowledge supports several national small animal audits https://vetaudit.rcvsk.org/ as
well as two larger databases of small animal laboratory and clinical records (VetCompass
and SAVSNET) [44,45] which may be useful for clinical audit [46,47]. However, to date,
institutional support for farm animal clinical audit has primarily been driven by academic
centres (as in the case of this work) and private practice (as in the case of a large cattle
caesarian section clinical audit performed by a large collaborative group of farm animal
veterinary practices [48,49]). Use of electronic databases has been proposed as a path
forward in supporting both clinical audit and of complementary clinical research but similar
infrastructure and support is not currently available for farm animal practice. In this study,
we found that lack of individual patient identification in PMS can hinder retrospective
clinical audit in farm animal practice, although other data sources may be available. In
some countries with nationalized herd management systems and coding systems, data
for retrospective clinical audit may be more easily collected by veterinary surgeons [50].
However, for many farm animal clinicians, digital and identifiable outcome data may be
siloed in private herd management databases which may not be as accessible unless the
surgeon is a contractor or employee. In contrast, prospective clinical audit proved feasible
and our findings highlighted that consideration of case accrual, user-friendly data collection
tools, and ability to collect longitudinal data should be incorporated in prospective clinical
audit planning.

Limitations

It cannot be assumed that the findings of this study represent the opinions and
experiences of all veterinary surgeons that undertake farm animal work in the UK. All
three practices had volunteered to work on this project and therefore these veterinary
surgeons may have been more motivated than their peers to undertake clinical audit.
Similar audits carried out in practice settings resourced with mobile veterinary software
and/or widely implemented automated herd health recording might use different processes
with improved efficiencies. Similarly, clinical audit performance when coordinated by an
outside researcher might vary from that coordinated by internal personnel if any presumed
Hawthorne effect [51] is mediated by perceived observer status; moreover, if a Hawthorne
effect is present during any clinical audit, results may not fully parallel what happens in
unobserved practice.

5. Conclusions

Although a number of barriers to conducting clinical audit in farm animal veterinary
practice were highlighted by this study, it was demonstrated that clinical audit in this
environment is feasible. Participating veterinary surgeons were happy and willing to

https://knowledge.rcvs.org.uk/quality-improvement/tools-and-resources/clinical-audit/
https://knowledge.rcvs.org.uk/quality-improvement/tools-and-resources/clinical-audit/
https://vetaudit.rcvsk.org/
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engage in clinical audit activities; although retrospective clinical audit was challenging,
it was possible for data to be collected prospectively. Clinical audit topics which require
linkage of patient data over more than one encounter may be more difficult to implement
in farm animal practice than in companion animal practice because of differences in patient
data recording. Despite these barriers, this study found that conducting clinical audit
can be of benefit to practitioners, particularly the opportunity to discuss best available
evidence, a topic of keen interest to participants. However, institutional support for clinical
audit training adapted to farm animal practice, as well as data collection from laboratory
networks and herd health information systems capturing production animal health data
may be important.
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18. Haloun, T.; Kopřiva, R.; Sterc, J. First experiences with the laparoscopic management of left abomasal displacement in dairy cows
in the Czech Republic. Folia Vet. 2009, 53, 33–35.

19. Pedersen, S.L. Analysis of reproductive performance, milk production and survival following surgery for a left displaced
abomasum in dairy cattle. Cattle Pract. 2006, 14, 221–226.

20. Löptien, A.; Löschner, U.; Staufenbiel, R. Cross-sectional study of occurrence and treatment success of abomasum displacement
with respect to surgical approach. Tierärztliche Prax. Ausg. G Grosstiere Nutztiere 2005, 33, 419–426.

21. Raizman, E.A.; Santos, J.E.P. The effect of left displacement of abomasum corrected by toggle-pin suture on lactation, reproduction,
and health of Holstein dairy cows. J. Dairy Sci. 2002, 85, 1157–1164. [CrossRef]

22. Sexton, M.; Buckley, W.; Ryan, E. A study of 54 cases of left displacement of the abomasum: February to July 2005. Ir. Vet. J. 2007,
60, 605–609. [CrossRef] [PubMed]

23. Smith, R. Audit and research. Br. Med. J. 1992, 305, 905. [CrossRef]
24. Mair, T.S.; White, N.A., 2nd. The creation of an international audit and database of equine colic surgery: Survey of attitudes of

surgeons. Equine Vet. J. 2008, 40, 400–404. [CrossRef]
25. Waine, K.; Dean, R.S.; Hudson, C.; Huxley, J.; Brennan, M.L. A cross-sectional study of experiences and attitudes towards clinical

audit of farm animal veterinary surgeons in the United Kingdom. Vet. Sci. 2018, 5, 84. [CrossRef]
26. Wylie, C.E. Prospective, retrospective or clinical audit: A label that sticks. Equine Vet. J. 2015, 47, 257–259. [CrossRef]
27. Bull, A. Audit and research. Br. Med. J. 1993, 306, 67. [CrossRef] [PubMed]
28. Bartlett, P.C.; Van Buren, J.W.; Neterer, M.; Zhou, C. Disease surveillance and referral bias in the veterinary medical database.

Prev. Vet. Med. 2010, 94, 264–271. [CrossRef] [PubMed]
29. Sargeant, J.M.; O’Connor, A.M.; Dohoo, I.R.; Erb, H.N.; Cevallos, M.; Egger, M.; Ersbøll, A.K.; Martin, S.W.; Nielsen, L.R.;

Pearl, D.L.; et al. Methods and processes of developing the strengthening the reporting of observational studies in epidemiology—
Veterinary (STROBE-Vet) Statement. J. Vet. Intern. Med. 2016, 30, 1887–1895. [CrossRef]

30. Caswell, J.L.; Bassel, L.L.; Rothenburger, J.L.; Gröne, A.; Sargeant, J.M.; Beck, A.P.; Ekman, S.; Gibson-Corley, K.N.; Kuiken, T.;
LaDouceur, E.E.B.; et al. Observational study design in veterinary pathology, part 1: Study design. Vet. Pathol. 2018, 55, 607–621.
[CrossRef] [PubMed]

31. Dunn, F.; Dunn, J. Clinical audit: Application in small animal practice. Practice 2012, 34, 243. [CrossRef]
32. Proot, J.L.J.; Corr, S.A. Clinical audit for the tibial tuberosity advancement procedure: Establishing the learning curve and

monitoring ongoing performance for the tibial tuberosity advancement procedure using the cumulative summation technique.
Vet. Comp. Orthop. Traumatol. 2013, 26, 280–284.

33. Wamwenje, S.A.O.; Wangwe, I.I.; Masila, N.; Mirieri, C.K.; Wambua, L.; Kulohoma, B.W. Community-led data collection using
Open Data Kit for surveillance of animal African trypanosomiasis in Shimba hills, Kenya. BMC Res. Notes 2019, 12, 151. [CrossRef]

34. Boyle, A.; Keep, J. Clinical audit does not work, is quality improvement any better? Br. J. Hosp. Med. 2018, 79, 508–510. [CrossRef]
35. Glew, S.; Sornalingam, S.; Crossman, T. Audit: Time to review the cycle. Br. J. Gen. Pract. 2014, 64, 606–607. [CrossRef]
36. Cai, A.; Greenall, J.; Ding, D.C.D. UK junior doctors’ experience of clinical audit in the Foundation Programme. Br. J. Med Pract.

2009, 2, 42.
37. Viner, B.P.; Jenner, C.S. Clinical audit-learning from the medical profession. Vet. Rec. 2005, 157, 695. [CrossRef]
38. Stewart, K.; Bray, B.; Buckingham, R. Improving quality of care through national clinical audit. Future Hosp. J. 2016, 3, 203–206.

[CrossRef] [PubMed]
39. Statham, J.; Green, M. Cattle veterinary services in a changing world. Vet. Rec. 2015, 176, 276. [CrossRef] [PubMed]
40. Ruston, A.; Shortall, O.; Green, M.; Brennan, M.; Wapenaar, W.; Kaler, J. Challenges facing the farm animal veterinary profession

in England: A qualitative study of veterinarians’ perceptions and responses. Prev. Vet. Med. 2016, 127, 84–93. [CrossRef]
41. Waine, K.; Dean, R.; Hudson, C.; Brennan, M. Clinical audit in farm animal veterinary practice: Part 1: Preparing for audit.

Practice 2018, 40, 360–364. [CrossRef]
42. Waine, K.; Dean, R.; Hudson, C.; Brennan, M. Clinical audit in farm animal veterinary practice. Part 2: Conducting the audit.

Practice 2018, 40, 465–469. [CrossRef]
43. Viner, B. Clinical audit in veterinary practice—The story so far. Practice 2005, 27, 215–218. [CrossRef]
44. Support—VetCompass—Royal Veterinary College, RVC. Available online: https://www.rvc.ac.uk/vetcompass/support#tab-

supporters (accessed on 5 August 2020).
45. SAVSNET—Research—University of Liverpool. Available online: https://www.liverpool.ac.uk/research/collaborate/facilities-

and-equipment/savsnet/ (accessed on 5 August 2020).
46. Radford, A.D.; Noble, P.J.; Coyne, K.P.; Gaskell, R.M.; Jones, P.H.; Bryan, J.G.E.; Setzkorn, C.; Tierney, Á.; Dawson, S. Antibacterial

prescribing patterns in small animal veterinary practice identified via SAVSNET: The small animal veterinary surveillance
network. Vet. Rec. 2011, 169, 310. [CrossRef]

http://doi.org/10.1136/vr.102119
http://www.ncbi.nlm.nih.gov/pubmed/24696444
http://doi.org/10.2460/javma.232.11.1700
http://www.ncbi.nlm.nih.gov/pubmed/18518814
http://doi.org/10.3168/jds.S0022-0302(02)74178-7
http://doi.org/10.1186/2046-0481-60-10-605
http://www.ncbi.nlm.nih.gov/pubmed/21851688
http://doi.org/10.1136/bmj.305.6859.905
http://doi.org/10.2746/042516408X284655
http://doi.org/10.3390/vetsci5040084
http://doi.org/10.1111/evj.12409
http://doi.org/10.1136/bmj.306.6869.67
http://www.ncbi.nlm.nih.gov/pubmed/8435599
http://doi.org/10.1016/j.prevetmed.2010.01.007
http://www.ncbi.nlm.nih.gov/pubmed/20129684
http://doi.org/10.1111/jvim.14574
http://doi.org/10.1177/0300985818785705
http://www.ncbi.nlm.nih.gov/pubmed/30071806
http://doi.org/10.1136/inp.e1763
http://doi.org/10.1186/s13104-019-4198-z
http://doi.org/10.12968/hmed.2018.79.9.508
http://doi.org/10.3399/bjgp14X682573
http://doi.org/10.1136/vr.157.22.695
http://doi.org/10.7861/futurehosp.3-3-203
http://www.ncbi.nlm.nih.gov/pubmed/31098227
http://doi.org/10.1136/vr.h719
http://www.ncbi.nlm.nih.gov/pubmed/25779526
http://doi.org/10.1016/j.prevetmed.2016.03.008
http://doi.org/10.1136/inp.k3950
http://doi.org/10.1136/inp.k4798
http://doi.org/10.1136/inpract.27.4.215
https://www.rvc.ac.uk/vetcompass/support#tab-supporters
https://www.rvc.ac.uk/vetcompass/support#tab-supporters
https://www.liverpool.ac.uk/research/collaborate/facilities-and-equipment/savsnet/
https://www.liverpool.ac.uk/research/collaborate/facilities-and-equipment/savsnet/
http://doi.org/10.1136/vr.d5062


Vet. Sci. 2021, 8, 62 15 of 15

47. O’Neill, D. Pointing the way to improved welfare for companion animals. Vet. Rec. 2013, 173, 240–242. [CrossRef]
48. Woodmansey, D. Cattle Caesarean Study to Help Post-Surgery Success. Available online: https://www.vettimes.co.uk/news/

cattle-caesarean-study-to-help-post-surgery-success/ (accessed on 5 August 2020).
49. Karvountzis, S. Left displaced abomasum: Pilot survey of corrective techniques. Vet. Rec. 2016, 178, 509–510. [CrossRef] [PubMed]
50. Espetvedt, M.N.; Reksen, O.; Rintakoski, S.; Østerås, O. Data quality in the Norwegian dairy herd recording system: Agreement

between the national database and disease recording on farm. J. Dairy Sci. 2013, 96, 2271–2282. [CrossRef] [PubMed]
51. McCambridge, J.; Witton, J.; Elbourne, D.R. Systematic review of the Hawthorne effect: New concepts are needed to study

research participation effects. J. Clin. Epidemiol. 2014, 67, 267–277. [CrossRef] [PubMed]

http://doi.org/10.1136/vr.f4519
https://www.vettimes.co.uk/news/cattle-caesarean-study-to-help-post-surgery-success/
https://www.vettimes.co.uk/news/cattle-caesarean-study-to-help-post-surgery-success/
http://doi.org/10.1136/vr.i2675
http://www.ncbi.nlm.nih.gov/pubmed/27179092
http://doi.org/10.3168/jds.2012-6143
http://www.ncbi.nlm.nih.gov/pubmed/23462169
http://doi.org/10.1016/j.jclinepi.2013.08.015
http://www.ncbi.nlm.nih.gov/pubmed/24275499

	Introduction 
	Materials and Methods 
	Participant Recruitment 
	Establishment, Monitoring, and Communication Systems of Clinical Audits 
	Clinical Audit Standards Identification 
	Retrospective Data Collection 
	Prospective Data Collection 
	Data Analysis 

	Results 
	Practice and Veterinarian Questionnaires 
	Clinical Audit Topic Selection 
	Clinical Audit Standard Selection 
	Potential Sources of Data for Retrospective Clinical Audit 
	Prospective Data Collection 
	Clinical Audits 
	Practice 1–Retrospective Clinical Audit 
	Practice 1–Prospective Clinical Audit 
	Practice 1–Clinical Audit Satisfaction 
	Practice 2–Retrospective Clinical Audit 
	Practice 2–Prospective Clinical Audits 
	Practice 2–Clinical Audit Satisfaction 
	Practice 3–Retrospective Clinical Audit 
	Practice 3–Prospective Clinical Audit 
	Practice 3–Clinical Audit Satisfaction 
	All Practices–Practitioner Feedback on the Clinical Audit Process 


	Discussion 
	Conclusions 
	References

