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Complication Rates Associated with Transvenous Pacemaker

Implantation in Dogs with High-Grade Atrioventricular Block

Performed During versus After Normal Business Hours
J.L. Ward, T.C. DeFrancesco, S.P. Tou, C.E. Atkins, E.H. Griffith, and B.W. Keene

Background: Transvenous pacemaker implantation in dogs is associated with a relatively high complication rate. At
our institution, pacemaker implantation in dogs with high-grade atrioventricular block (HG-AVB) frequently is performed
as an after-hours emergency.

Hypothesis: Among dogs with HG-AVB, the rate of major complications is higher when pacemakers are implanted
after hours (AH) compared to during business hours (BH).

Animals: Client-owned dogs with HG-AVB that underwent transvenous pacemaker implantation between January
2002 and December 2012 at the North Carolina State University Veterinary Teaching Hospital.

Methods: Retrospective medical record review. Two-year follow-up was required for complications analysis.

Results: Major complications occurred in 14/79 dogs (18%) and included lead dislodgement, lead or generator infec-
tion, lead or generator migration, and pacing failure. Incidence of major complications was significantly higher AH (10/36,
28%) compared to BH (4/43, 9%; P = .041), and all infectious complications occurred AH. Median survival time for all
dogs was 27 months and did not differ between AH and BH groups for either all-cause (P = .70) or cardiac (P = .40) mor-
tality. AH dogs were younger than BH dogs (P = .010), but there were no other clinically relevant differences between BH
and AH groups in terms of demographic, clinical, or procedural variables.

Conclusions and Clinical Importance: At our institution, AH transvenous pacemaker placement is associated with a
higher rate of major complications (especially infections) compared to BH placement. This difference may be because of a
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variety of human factor differences AH versus BH.
Key words: Canine; Heart block; Transvenous.

ince the first reported pacemaker implantation in a

dog in 1968," artificial pacing has become the stan-
dard of care for treatment of certain bradyarrhythmias
in dogs, with many referral institutions performing
dozens of these procedures annually.” Transvenous
pacemaker implantation, performed using a jugular
venotomy with the pacing lead placed into the right
ventricle under fluoroscopic guidance, generally is con-
sidered the preferred method of pacemaker placement
in dogs.*”

The most common indication for permanent
artificial pacemaker (PAP) implantation in dogs is
high-grade atrioventricular block (HG-AVB).>* This
diagnosis encompasses both high-grade second degree

From the Department of Clinical Sciences, College of
Veterinary Medicine, North Carolina State University, Raleigh,
NC (Ward, DeFrancesco, Tou, Atkins, Griffith, Keene).

Work was performed at the College of Veterinary Medicine,
North Carolina State University, Raleigh, NC.

This study was presented in abstract form at the North Carolina
State University College of Veterinary Medicine Research Forum
in April 2014.

Corresponding author: Dr B.W. Keene, Department of Clinical
Sciences, College of Veterinary Medicine, North Carolina State Uni-
versity, 1060 William Moore Drive, Raleigh, NC 27607; e-mail:
bwkeene@ncsu.edu.

Submitted April 11, 2014, Revised September 4, 2014,
Accepted October 28, 2014.

Copyright © 2015 The Authors. Journal of Veterinary Internal
Medicine published by Wiley Periodicals, Inc. on behalf of American
College of Veterinary Internal Medicine.

This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial License, which permits use,
distribution and reproduction in any medium, provided the original
work is properly cited and is not used for commercial purposes.

DOI: 10.1111[jvim.12512

Abbreviations:

AH after hours

BH business hours

CANPACERS Companion Animal Pacemaker Registry and
Repository

CHF congestive heart failure

ECG electrocardiogram

HG-AVB high-grade atrioventricular block
MST median survival time

NCSU North Carolina State University
PAP permanent artificial pacemaker

(3 : 1 conduction or less) and third degree (complete)
AVB. Schrope et al® demonstrated that without PAP
placement, dogs with HG-AVB have a high incidence
of sudden death (up to 40% within 6 months of diag-
nosis). Because of this, many institutions consider
HG-AVB to be a surgical emergency requiring urgent
PAP implantation. Based on the timing of presentation
and perceived patient stability, some affected dogs
undergo emergency PAP placement after hours (AH),
whereas others are hospitalized and monitored until
the next business day. Procedures performed AH inevi-
tably involve fewer personnel and decreased technical
support.

Several large-scale retrospective studies® >’ have
reviewed the outcomes and complication rates associ-
ated with PAP placement in dogs. Rates of major
complications ranged from 55 to 71% in the 1980s*’
but have decreased to 13-33% in the 2000s.>*’
Higher complication rates have been reported in dogs
with pre-existing structural heart disease,* postopera-
tive infections,' previously used pulse generators,* and
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inexperienced operators.” In comparison, large-scale
retrospective studies in humans report major complica-
tion rates of 2.3-11.2%,'"'* with higher rates associ-
ated with dual-chamber pacemakers,'>!® untined
versus tined leads,'* pre-existing structural heart dis-
ease,'>'> and inexperienced operators.'?

The primary aim of this study was to compare com-
plication rates associated with transvenous pacemaker
placement in dogs with HG-AVB performed during
normal business hours (BH) versus AH. We hypothe-
sized that the major complication rate would be higher
for AH procedures. A secondary aim of this study was
to compare long-term survival between dogs with
pacemakers placed BH versus AH.

Materials and Methods
Record Review

A retrospective medical record review of all dogs diagnosed
with HG-AVB that underwent permanent transvenous pacemaker
implantation at the North Carolina State University (NCSU)
Veterinary Teaching Hospital between January 1, 2002 and
December 31, 2012 was performed. The study was limited to
dogs with HG-AVB because other symptomatic bradyarrhyth-
mias in dogs (eg, sick sinus syndrome, atrial standstill) rarely
require emergency pacing. Limiting our study population to a
single electrocardiographic diagnosis eliminated a variable that
may have affected complication rate or outcome.

The following information was obtained for each patient: sig-
nalment, weight, clinical signs (type and duration), time between
referral to NCSU and PAP placement, electrocardiogram (ECG)
diagnosis, escape heart rate, presence of ventricular ectopy, QRS
duration, response to atropine, systolic blood pressure, presence
and severity of structural heart disease apart from expected bra-
dycardia-induced changes (classified as mild, moderate or severe),
CHF (classified as left-sided, right-sided or both), azotemia
(BUN concentration >26 mg/dL, serum creatinine concentration
>1.7 mg/dL, or both; classified based on International Renal
Interest Society Acute Kidney Injury grading criteria as mild for
serum creatinine concentration <2.5 mg/dL and moderate for
serum creatinine concentration 2.6-5.0 mg/dL), lead fixation type
(tined or active), use of temporary pacing during PAP implanta-
tion (transthoracic or transvenous), starting time and duration of
PAP implantation, incidence of hypotension (mean arterial blood
pressure <60 mmHg) under anesthesia, expertise level of primary
operator (faculty, 1-year resident, 2-year resident, or 3-year resi-
dent), total hours of hospitalization, total cost of visit, presence
or absence of complications related to PAP placement (defined
below), and long-term outcome and survival (defined below).

Procedures were defined as occurring AH if the procedure
began outside of the time frame of 8:00 AM—5:00 M Monday
through Friday. Based on personnel policies at our institution, a
cardiology technician was not present during AH procedures.
Complications were identified and categorized as major and
minor as previously described.>* Major complications of pace-
maker implantation were those considered to be life threatening,
capable of causing sudden loss of pacing, or those requiring
replacement of the pacemaker system (eg, lead dislodgement,
infection, right ventricular perforation). Only those patients with
a minimum of 2 years of follow-up data were considered in the
analysis of major complications; this time frame was chosen
because of the known occurrence of late infectious complications
in our study population. Minor complications were those consid-
ered not life threatening (eg, small wound seromas, muscle

twitching at generator site, minor hemorrhage, minor arrhyth-
mias, sensing issues) or complications associated with general
anesthesia.

Survival was assessed by identifying the date and cause of
death, either by medical record review or by contacting owners
and referring veterinarians by phone or mail. Cause of death was
categorized as cardiac (including directly pacemaker-related,
CHF, or sudden death), or noncardiac.

Pacemaker Implantation Technique

With few exceptions, patients received a standardized preoper-
ative diagnostic evaluation including systolic blood pressure mea-
surement, ECG, atropine response test, echocardiogram, thoracic
radiographs, CBC, and serum biochemistry panel. Some dogs
also had abdominal ultrasound examination and urinalysis per-
formed based on clinical indication. Between the time of presen-
tation and the time of PAP placement, all patients had
transthoracic pacing pads placed, received a parenteral dose of
an anticholinergic medication (either atropine or glycopyrrolate)
every 4-6 hours, and were monitored by continuous ECG. Anti-
cholinergic drugs were given regardless of response to atropine
with the goal of preventing surges in vagal tone that could fur-
ther decrease the ventricular response rate.

A consistent technique was used for transvenous pacemaker
placement. Patients were premedicated with a combination of hy-
dromorphone and an anticholinergic drug. General anesthesia
was induced using either propofol or a combination of midazo-
lam and etomidate, and maintained using isoflurane gas. If tem-
porary transthoracic pacing was performed during anesthesia,
atracurium typically was administered to decrease muscle con-
tractions.

A right jugular cut-down and venotomy were performed, and
a bipolar permanent pacing lead was placed in the right ventricu-
lar apex under fluoroscopic guidance. Proper lead placement was
confirmed by both fluoroscopy and threshold testing. A pulse
generator,” obtained through the Companion Animal Pacemaker
Registry and Repository (CANPACERS) program, was con-
nected to the lead and secured within a muscular pocket in the
right dorsolateral neck region. Incisions were closed routinely in
3 layers with absorbable suture and skin staples. Dogs were hos-
pitalized and monitored for approximately 12-24 hours after the
procedure before discharge. Analgesia and sedation (opioids, ace-
promazine) were administered postoperatively to minimize pain,
movement and agitation. Anantibiotic (cefazolin) was adminis-
tered IV peri-operatively, and an antibiotic (usually cephalexin)
was administered PO for 7-10 days after discharge. In most
cases, a nonsteroidal anti-inflammatory drug (usually carprofen)
also was administered for 3-7 days to alleviate discomfort. The
neck was bandaged for 1-3 days after the procedure. Skin staples
were removed 10-14 days after pacemaker implantation, usually
by the referring veterinarian. Pacemaker interrogation and
adjustment generally was performed 3-6 months after the proce-
dure and was recommended every 6-12 months thereafter, but
client adherence to this schedule was variable.

Statistical Analysis

Comparison of variables between AH and BH groups was per-
formed with proprietary software® using Student’s r-test for con-
tinuous variables and Fisher’s Exact Test for categorical
variables. Wilcoxon rank-sum tests were used for data that were
not normally distributed. Survival times were modeled and differ-
ences in outcomes were tested using nonparametric log-rank tests.
Survival times were analyzed separately for all-cause mortality
and cardiac mortality. Dogs that were still alive at the time of



Complication Rates Following After Hours Pacemaker Implantation 159

writing or were lost to follow-up were included in the survival
analysis as censored observations. Additional variables were
tested for independent associations with either presence of com-
plications or final outcome using analysis of variance for continu-
ous variables and Fisher’s Exact test for categorical variables.
Wilcoxon 2-sample tests were used to determine associations
between survival time and presence of complications. Kruskal—
Wallis tests were used to determine associations between survival
time and other variables. Bonferroni’s correction was used to
control the Type I error rate. Significance was set at P < .05.

Results
Demographic and Clinical Findings

Ninety-seven dogs met the inclusion criteria (Table 1).
Average age at pacemaker implantation was
10 + 3.2 years (range, 2-16 years). Commonly repre-
sented breeds included Labrador retrievers (18), Chow
Chows and crosses (10), Cocker Spaniels (9), Beagles and

crosses (7), German Shepherds(6), mixed breed dogs (6),
Boxers and crosses (5), and Boston Terriers (5).

Clinical signs included syncope in 39 dogs (40%),
lethargy in 18 dogs (19%), both syncope and lethargy
in 14 dogs (14%), and signs of CHF (eg, dyspnea,
abdominal distension) in 6 dogs (6%). Twenty dogs
(21%) were presented for an incidental bradyarrhyth-
mia noted on routine examination and were reported
to be asymptomatic. Duration of clinical signs gener-
ally was short (median, 5 days) with substantial varia-
tion (range, 1-365 days). A summary of other
demographic, clinical, diagnostic, and procedural vari-
ables is presented in Table 1.

Fifty-five dogs (57%) had pacemakers implanted
during BH, whereas 42 dogs (43%) had pacemakers
implanted AH. Compared to BH dogs, AH dogs were
younger, had shorter time between referral and pace-
maker placement, and had shorter hospitalization
duration. There were no significant differences between

Table 1. Demographic, clinical, procedural, and survival data for dogs with HG-AVB undergoing transvenous
PAP implantation at NCSU between 2002 and 2012. See text for definitions of individual variables. BH and AH
groups are compared with Student’s 7-tests (continuous variables) or Fisher’s Exact test (categorical variables). All
data are given as mean + standard deviation unless otherwise noted.

Variable All dogs BH AH P value
Number of dogs 97 55 42 -
Age (years) 10 + 3.2 10.7 £ 3.2 9.0 + 3.1 025%%*
Weight (kg) 23 £ 10 22 £9.8 25 £ 11 43
ECG diagnosis (3rd degree AVB) 87/97 (90%) 48/55 (87%) 39/42 (93%) .68
Ventricular ectopy 17/97 (18%) 7/55 (13%) 10/42 (24%) .24
Escape heart rate (bpm) 42 + 11 43.6 £ 9.6 40.8 + 12.0 .58
QRS duration (ms) 61 + 18 58.5 + 18.2 65.1 + 18.6 .26
Atropine responsive 4177 (5%) 3/47 (6%) 1/34 (3%) .64
Structural heart disease 55/97 (57%) 32/55 (58%) 23/42 (55%) .38

Mild: 46 Mild: 29 Mild: 17

Moderate: 5 Moderate: 2 Moderate: 3

Severe: 4 Severe: 1 Severe: 3
Congestive heart failure 9/97 (9%) 3/55 (5%) 6/42 (14%) .40

Left: 4 Left: 2 Left: 2

Right: 4 Biventricular: Right: 4

Biventricular: 1
Azotemia 25/97 (26%) 15/51 (29%) 10/41 (24%) .40

Mild: 17 Mild: 11 Mild: 6

Moderate: 8 Moderate: 4 Moderate: 4
Time between referral/pacemaker (days) 0.52 £ 0.60 0.81 + 0.58 0.12 £ 0.32 <.0001**
Lead fixation (% passive) 88/94 (94%) 49/54 (91%) 39/40 (98%) 3l
Operator experience F: 16/97 F: 9/55 F: 7/42 57

R3: 22/97 R3: 13/55 R3:9/42

R2: 34/97 R2: 18/55 R2: 16/42

R1: 25/97 R1: 15/55 R1: 10/42
Faculty present? 79/97 (81%) 43/55 (78%) 36/42 (86%) 46
Temporary pacing used 44/97 (45%) 24/55 (44%) 20/42 (48%) .82
Hypotension under anesthesia 37/97 (38%) 23/50 (46%) 14/41 (34%) 49
Procedure duration (minutes) 90 + 27 91 + 27 88 £+ 26 .26
Hospitalization (hours) 39 £ 16 45 + 14 32+ 16 <.0001**
Cost of procedure (US$) 2414 + 608 2411 + 644 2416 + 564 47
Major complications 14/79 (17.7%) 4/43 (9.3%) 10/36 (27.8%) .041%*
Minor complications 14/79 (17.7%) 6/43 (14%) 8/36 (22.2%) .39
MST (all-cause) (months) 27 23.5 29 .70
MST (cardiac) (months) 16 18 13.5 .40

**Indicate statistically significant differences between BH and AH groups.
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BH and AH dogs for any other variables analyzed
(Table 1).

Complication Rates

Seventy-nine dogs had sufficient follow-up data to
analyze complication rates. Major complications
occurred in 14 dogs (18%). Major complications
included lead dislodgement (5 dogs), lead infection or
vegetation (3 dogs), lead thrombus (1 dog), infection
at the pulse generator site (2 dogs), SC migration of
the pulse generator (2 dogs), ventricular perforation by
the pacing lead (1 dog), and pacing failure with sus-
pected exit block (1 dog). The incidence of major com-
plications was significantly higher AH (10/36 dogs,
28%) compared to BH (4/43 dogs, 9%; P = .041). All
infectious complications (3 lead infections and 2 gener-
ator infections) occurred in the AH group. There were
no significant trends in major complication rate over
time; major complication rate did not differ by year
during the study period (P = .85). Median time from
pacemaker implantation to major complication was
60 days (range, 1 hours-978 days). The majority
(64%) of complications occurred within 3 months of
pacemaker implantation.

Minor complications were observed in 14 dogs
(14%); all minor complications occurred either peri-
operatively or within days of PAP implantation. Some
dogs had >1 minor complication. Rates of minor com-
plications did not differ between BH (6/55 dogs, 11%)
and AH (8/42 dogs, 19%; P = .39). Minor complica-
tions included minor ventricular arrhythmias (9 dogs),
small seromas over pulse generator sites (6 dogs), mus-
cle twitching after PAP implantation (2 dogs), esopha-
geal stricture postanesthesia requiring subsequent
bougienage (1 dog), and transient acute kidney injury
postanesthesia (1 dog). All minor complications
resolved with treatment.

Survival Analysis

Long-term follow-up data were available for 82 dogs
(85%). Nineteen dogs (23%) were alive at the time of
writing (average follow-up time, 24 months), and 63
dogs were dead. No dogs died intra- or peri-opera-
tively; all dogs survived to hospital discharge. Median
survival time (MST) after PAP implantation for all
dogs was 27 months (range, 2 weeks—114 months;
mean, 31.5 + 24.7 months). Of the 63 deaths, 44
(70%) died or were euthanized for noncardiac causes,
and 19 (30%) died or were euthanized for cardiac
causes. MST for dogs that experienced cardiac death
was 16 months, which was significantly shorter than
MST for noncardiac death (P = .017).

Survival (all-cause mortality) did not differ between
BH dogs (MST, 23.5 months) and AH dogs (MST,
29 months; P = .70; Fig 1). When considering cardiac
mortality only, survival did not differ between the 9
BH dogs (MST, 18 months) and 10 AH dogs (MST,
13.5 months) that experienced cardiac death (P = .40;
Fig 2).

100%
2 90%{ i, Business Hours == Yes
I it —_
£t 80% He
s
o 70%
s
5 0%
< 50%
% 40%
S 30%
=
& 20%
o
& 0%
[0 N S— :
9 108 120

Time after pacemaker implantation (months)

Fig 1. Kaplan-Meier survival curve (all-cause mortality) for
dogs with HG-AVB undergoing pacemaker implantation during
business hours versus after hours. Survival did not differ between
groups (P = .70).
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Fig 2. Kaplan—-Meier survival curve (cardiac mortality only) for
dogs with HG-AVB undergoing pacemaker implantation during
business hours versus after hours. Survival did not differ between
groups (P = .40).

Of the 19 dogs that experienced a cardiac cause of
death, 6 deaths (32%, 9.5% of total) appeared to be
directly attributable to pacemaker complications, 11
(58%, 17% of total) from CHF, and 2 dogs (11%,
3.2% of total) died suddenly. Pacemaker-related death
occurred 0.5-22 months after PAP implantation,
whereas death because of CHF occurred 2—114 months
after PAP implantation. Dogs with major complica-
tions related to pacemaker placement were significantly
more likely to die of cardiac causes (7/8, 88%) than
dogs without major complications (12/55, 22%;
P < .001), and presence of a major complication also
was associated with shorter survival times (P = .026).
Presence of a minor complication was not associated
with a survival difference (P = .35).

Azotemia on presentation (either mild or moderate)
was associated with decreased survival time for all-
cause mortality (P = .0029), but not cardiac mortality.
Analysis of other patient variables identified no other
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independent associations with presence of complica-
tions or with survival (all-cause or cardiac).

Discussion

Results of this study supported our hypothesis that
major complications associated with PAP implantation
occurred more frequently AH compared to BH. In
particular, all infectious complications occurred in
dogs with pacemakers placed AH. There were no clini-
cal, demographic, or procedural variables that differed
between BH and AH groups to explain the difference
in complication rate, suggesting that personnel differ-
ences BH versus AH may have been a relevant factor.

Patient characteristics in this study were similar to
those previously reported®>*’ including clinical signs,
concurrent heart diseases, and incidence of CHF on
presentation. Limiting this study to dogs with HG-
AVB may explain the slightly higher mean age of
patients in this study compared to some previous stud-
ies (10.5 years versus 8-8.5 years). Pacemaker implan-
tation technique in this study was similar to that
previously described, with some differences: we used
tined leads (versus active fixation) in the vast majority
of cases; we used transthoracic (versus transvenous)
pacing in cases requiring temporary pacing; and, all
pulse generators were implanted in the dorsolateral
neck region rather than in the intrascapular or lateral
thoracic regions.

The overall rate of major complications in our study
was 18%, which is within the range reported in other
large-scale studies of pacemaker placement in dogs
over the past 15 years (13-33%).2*7 As with previous
studies, our most common complications were lead
dislodgement and infection. Interestingly, we had more
dogs develop infection of the lead (rather than genera-
tor), which in all cases eventually led to death or
euthanasia. Although venous thrombosis and cranial
vena cava syndrome have been reported in dogs with
transvenous pacemakers,'®'? lead vegetation was not
a common complication noted in the previous large-
scale retrospective studies of pacemakers in dogs. The
occurrence of lead infection or thrombosis in our
patients could be related to lead hardware, poor sterile
technique, or underlying prothrombotic conditions not
apparent at the time of PAP implantation. Generator
failure was a rare major complication in our study
(1% of dogs, compared to the previously reported 2—
6%%**7), possibly because CANPACERS no longer
distributes previously used pulse generators. The over-
all rate of minor complications in this study (14.4%)
was similar to that of previous studies (11-31%).%*’

Despite our somewhat older patient population,
median survival time after pacemaker placement
(27 months) was slightly higher than in previous stud-
ies (22-26 months).>’ Incidence of cardiac death in
our study (30%) was similar to that previously
reported (22-44%).>* Not surprisingly, dogs with major
complications were more likely to experience cardiac
death than dogs without major complications. Indeed,
6/14 dogs with major complications experienced death

or cuthanasia that was directly attributable to the
pacemaker complication (3 dogs with lead infection, 1
dog with lead thrombosis, 1 dog with lead migration
and perforation, and 1 dog with pacing failure). None
of the dogs with lead dislodgement died from this
complication; all had the pacing lead replaced with a
subsequent procedure.

Despite the increased complication rate AH, there
was no survival difference BH versus AH. This may be
because one of the most common complications (lead
dislodgment) was uniformly nonfatal after replacement
of the lead. Alternatively, the lack of survival differ-
ence between groups may reflect the relatively low inci-
dence of cardiac death (30%) and specifically
pacemaker-related death (9.5%) in this population.

The only factors found to have an independent asso-
ciation with survival (all-cause or cardiac) were pres-
ence of a major complication and azotemia on
presentation. These findings are in contrast to some
previous studies that found that the presence pre-exist-
ing heart disease* and operator inexperience’ were cor-
related with decreased survival. Primary operator
experience was not associated with the presence of
complications or survival in our study. This may be
because of our institutional policy that a cardiology
faculty member or final-year resident must be present
for and assist with every PAP placement, regardless of
timing. This policy also explains the lack of difference
in operator level BH versus AH (P = .57). In addition,
there was no difference in complication rates or sur-
vival when comparing cases in which the clinician
supervising a junior resident as primary operator was
a faculty member versus a third-year resident.

Although several previous studies have reported
complication rates in canine PAP implantation, this
study was the first to investigate complication rates in
reference to the timing of the procedure. One possible
explanation for higher complication rates AH would
be selection bias. Clinicians may select the most
severely affected and most unstable dogs for AH place-
ment, and these dogs may be independently predis-
posed to higher complication rates. However, our data
suggest that BH and AH groups did not differ in clini-
cal variables reflecting disease severity. Indeed, the
groups differed only in age (AH dogs were younger
than BH dogs), time between referral and pacemaker
placement (shorter for AH dogs), and duration of hos-
pitalization (shorter for AH dogs). We could identify
no specific reason for the younger age of AH dogs.

We therefore suspect that the disparity in complica-
tion rate was related to procedure timing and associ-
ated personnel differences. At our institution during
BH, the following personnel are directly involved in a
pacemaker implantation: a board-certified cardiologist,
1-2 cardiology residents, 1-2 registered technicians
with Veterinary Technician Specialist (Cardiology) cer-
tification, an anesthesia resident with or without an
anesthesia technician, and 2 senior veterinary students.
Furthermore, additional board-certified personnel are
available in the building to troubleshoot technical or
anesthetic problems (eg, cardiologists, anesthesiologists,
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radiologists, criticalists). In contrast, the personnel
involved in an AH pacemaker implantation generally
include the following: a board-certified cardiologist (or
3-year cardiology resident), a cardiology resident, 1
anesthesia resident or technician, and 1-2 senior veteri-
nary students.

These personnel differences may have affected com-
plication rates in a number of ways. Decreased num-
bers and expertise of personnel may diminish the AH
team’s ability to troubleshoot problems encountered
during pacemaker implantation. The absence of a car-
diology technician may have compromised routine
aseptic patient preparation. Many of the personnel on
emergency call for PAP implantation have completed a
normal daytime shift, and fatigue may be a contribut-
ing factor. Ancillary team members AH may be less
well-trained in cardiology procedures and may be less
familiar with the cardiology personnel performing the
procedure, possibly contributing to procedural errors
or communication difficulties AH. Our study did not
allow us to differentiate among the many personnel-
related variables that may have contributed to the
higher complication rate AH. However, the fact that
all infectious complications occurred in patients paced
AH raises specific concern for the quality of aseptic
patient preparation and adherence to sterile technique
AH.

We could find no veterinary studies investigating
differences in complication rates of any surgical proce-
dure (cardiac or otherwise) as a function of procedure
timing. Human literature regarding timing- or person-
nel-based differences in complication rates also is lim-
ited. One study in human medicine found no
difference in complication rates between PAP implan-
tation performed in an operating room versus a cathe-
terization laboratory,'' but the timing of the
procedure and personnel involved were the same in
each group. Another recent study in humans® found
that patients undergoing laparoscopic cholecystectomy
had higher complication rates if the procedure was
performed as an AH emergency (after 7:00 pm), as
opposed to a planned BH procedure. In addition, a
large-scale study of nonelective hospital admissions in
humans suggested that patients admitted on weekends
had higher mortality than patients admitted during the
week.?’

Our study had several limitations. The retrospective
descriptive study design allowed no way to assess the
various personnel factors that may have contributed to
the difference in complication rates BH versus AH. In
addition, because cases were not randomly assigned to
BH or AH PAP implantation, we do not know
whether additional morbidity or mortality might have
occurred if AH cases had been delayed until the next
business day. Furthermore, all data were collected at a
single institution. Our AH environment may not accu-
rately reflect the experience of other institutions with
different emergency management protocols and per-
sonnel policies. Finally, long-term follow-up data were
not available for all dogs. Some dogs were lost to fol-
low-up such that survival data was unavailable, and

some dogs had insufficient follow-up to be included in
the analysis of complication rates.

In conclusion, the results of this study support the
hypothesis that major complications (especially infec-
tions) occurred more frequently in dogs with HG-AVB
in which pacemakers were implanted AH. For some
patients, the increased risk of AH complications may
balance or outweigh the risk of clinical deterioration
associated with delaying PAP implantation until the
next business day. However, these data do not imply
that all pacemaker procedures should be delayed,
because some unstable patients always will require
emergency pacing. We hope this study will be used to
support reasonable policies to lower the still excessive
complication rate associated with PAP implantation in
any setting (eg, rigorous task analysis, checklist imple-
mentation, augmentation and training of personnel for
AH procedures). Given institutional variation in the
number and type of personnel available for AH proce-
dures, our findings should be interpreted within the
context of an individual institution before being gener-
alized into new policy initiatives.

Footnotes

# Medronic, Minneapolis, MN

® SAS version 9.3, Cary, NC

¢ Wray CJ, Harvin JA, Phatak UR, Kao LS, Ko TC, Riall TS.
Predictors of bile duct injury during laparoscopic cholecystec-
tomy: Experience from two hospitals. Paper presented at: Soci-
ety for Surgery of the Alimentary Tract 54thAnnual Meeting;
2013 May 17-21; Orlando, FL
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