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Abstract

Objective: To evaluate and report the quality of the scientific literature

reporting complications associated with laparoscopic and laparoscopic-assisted

procedures in client-owned or healthy research dogs and to report and illustrate

laparoscopic complications related to individual organ systems.

Study design: Systematic review.

Animals: Client-owned or healthy research dogs.

Methods: A literature review was performed by using PubMed and CAB

abstracts for English-language studies providing descriptions of complications

related to laparoscopic and laparoscopic-assisted procedures in dogs. Study selec-

tion used PRISMA (Preferred Reporting Items for Systematic reviews and Meta-

Analyses) guidelines. Quality assessment was performed by using a MINORS

(Methodological Items for Non-Randomized Studies) scoring system and a grad-

ing scale of level of evidence. Descriptive statistics were used.

Results: In total, 741 manuscripts were identified, with 64 manuscripts eligible

for data extraction and quality assessment. The most represented organ system

was the female genital tract, represented by 22 (34.4%) studies. The most com-

monly reported intraoperative and postoperative complications were related to

abdominal entry and portal incisions, respectively. In 53 of 54 non-randomized

studies, high risk of bias was found. Forty-eight (75%) studies provided level III

or IV evidence.

Conclusion: This report provides an updated review of complications related

to laparoscopic and laparoscopic-assisted procedures in dogs, classified by

organ system. The overall quality of evidence was low, limiting direct compari-

son of complication rates between studies.

Clinical significance: There is a need for implementation of standardized

criteria for defining complications, study time frames and greater numbers of

high quality prospective randomized trials in veterinary laparoscopy to permit

comparison of complication and conversion rates between published studies

and across organ systems.
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1 | INTRODUCTION

The benefits of minimally invasive laparoscopic surgery
compared with conventional open surgery are numerous
and include increased diagnostic accuracy, improved
visibility,1 decreased patient stress and postoperative
pain, faster patient recovery, reduced infection rate, and
decreased morbidity and hospitalization stay.2-8 The use
of laparoscopic and laparoscopic-assisted techniques is
becoming increasingly commonplace in small animal sur-
gery, most notably for elective procedures including
ovariectomy and elective gastropexy.9-11 This is reflected
in the rise in the number of publications pertaining to
elective laparoscopic procedures. As a result of increasing
experience with laparoscopy, additional publications in
which more challenging procedures are described,
including laparoscopic cholecystectomy and adrenalec-
tomy, have also emerged within the last decade.12-14

Similarly to traditional open surgery, laparoscopy
can be associated with specific perioperative complica-
tions and patient morbidity.15,16 Recent research has
been focused on reporting complications for various
laparoscopic procedures.17-20 A narrative literature
review of complications associated with laparoscopic
and thoracoscopic procedures was published in 2011.15

However, most citations in this traditional review are of
material published prior to 2008, with only 10 citations
from 2008 through 2011, four of which are proceed-
ings.15 Furthermore, in a recently published textbook on
surgical complications, the most recent citations in the
chapter dedicated to laparoscopy are of material publi-
shed in 2009 and 2010.7,16,21

On the basis of the rise in the number of publications
related to laparoscopy within the past 10 years and
emergence of descriptions of more advanced surgical
procedures with greater surgeon experience, there is a
requirement for an updated review to investigate and
illustrate the types of complications associated with lapa-
roscopic and laparoscopy-assisted procedures in dogs.
Recently, systematic reviews dedicated to surgical treat-
ments have been conducted in human and veterinary
surgery by using non-randomized studies with adapted
and validated quality assessment scales.22-25 In contrast to
a narrative review, a systematic review uses a more rigor-
ous approach to reviewing the literature on a specific
topic, including a comprehensive and systematic search
strategy and the use of predefined strict inclusion and
exclusive criteria.26 Using a quality assessment scale
adapted to non–randomized controlled trials (RCT) from
the human literature,25 we sought to apply a well-
defined, evidence-based medicine approach to laparo-
scopic procedures in dogs. Therefore, the objective of this
systematic review was to evaluate and report the quality

of the scientific literature reporting complications associ-
ated with laparoscopic and laparoscopic-assisted proce-
dures in client-owned or healthy research dogs and to
report and illustrate laparoscopic complications related to
individual organ systems.

2 | MATERIALS AND METHODS

2.1 | Search strategy

A comprehensive literature review was performed on
October 1, 2018, by using PubMed and CAB abstracts
databases. Search terms included [“laparoscopy” OR
“laparoscopic” OR “laparoscopic-assisted”] AND [“dog”
OR “dogs” OR “canine”] from January 1, 2008 through
October 1, 2018. Potential additional references were hand
searched, notably in the bibliographic sections within
primary surgical textbooks.2,16

2.2 | Study selection

Inclusion criteria included English-language articles that
provided description of intraoperative ± postoperative
complications of laparoscopic or laparoscopic-assisted pro-
cedures in client-owned or healthy research dogs. Study
types included were RCT, cohort studies, and case series
including a minimum of three dogs. Exclusion criteria
included studies that provided insufficient information
regarding occurrence of intraoperative complications,
review articles, editorials, studies involving the incorrect
species, cadaveric studies, and reports that included fewer
than three dogs. Studies that provided information regard-
ing occurrence of intraoperative complications but did not
provide any information relating to short- or long-term
postoperative complications were not excluded. Studies
that involved both dogs and cats but separated occurrence
of complications by species were not excluded. From stud-
ies that compared open vs laparoscopic procedures, only
the laparoscopic data were extracted. Finally, human
experimental studies assessing a surgical technique not rel-
evant to the veterinary surgical field were excluded.

This literature review followed the PRISMA (Pre-
ferred Reporting Items for Systematic reviews and
Meta-Analyses) flowchart (Figure 1) and is based on its
statement.26 After the research strategy was applied, one
author (M-P.M.) assessed the articles by title and abstract
for inclusion for an initial screening. The full text of the
identified articles was then assessed by the same author
for inclusion, producing the final selection of articles
included for review of complications and methodological
assessment.
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2.3 | Data and quality assessment

The following data were recorded from each study by two
authors (M-P.M. and R.A.M.): study design, year of publi-
cation, surgical procedure, number of dogs included,
abdominal entry technique (Veress needle, modified
Hasson, or both), complication types, frequency of com-
plications, hospitalization time (in days), follow-up, and
mortality during hospitalization. Selected studies were
divided into eight groups (female genital tract, urinary
tract, stomach, intestinal tract, liver, adrenal glands,
spleen, and other) representing different organ systems for
presentation of surgical time, complications, follow-up,
and mortality during hospitalization (Tables S1 and S2).
The group designated “other” included studies that could
not be classified as one organ system because they con-
tained surgical procedures involving more than one organ
system. Complications were classified as intraoperative or
postoperative. No perioperative category was used because
of inconsistency in its meaning within the literature.
Intraoperative complications were defined as any unantici-
pated intraoperative event that did or did not require
intervention to resolve and were subdivided into those

related to bleeding, organ damage, or other, such as a ran-
dom technical problem (eg, the unanticipated requirement
to enlarge a portal incision). Conversion events were
reported separately from intraoperative complications
and were subdivided into (1) because of an intraoperative
complication (eg, hemorrhage or organ damage) and
(2) because of a technical problem or limitation (eg, mes-
enteric adhesions precluding completion of a procedure
laparoscopically).8 Postoperative complications were sub-
divided into immediate postoperative (≤24 hours postop-
eratively), short term (≤6 weeks postoperatively), and long
term (>6 weeks postoperatively). Postoperative complica-
tions were initially stratified as major (those that required
medical or surgical treatment) or minor (those that did
not require medical or surgical intervention).27 However,
because of inconsistencies in the description of complica-
tions within studies, this stratification could not be per-
formed. Length of hospitalization, follow-up, and the
method of follow-up were retrieved when available. The
term recheck was used when follow-up was performed by
a veterinarian, and the term owner was used when follow-
up was retrieved through a questionnaire or telephone call
with the owner. Mortality was defined as death or

FIGURE 1 Study selection

flow chart [Color figure can be

viewed at

wileyonlinelibrary.com]
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euthanasia during surgery or the postoperative hospitaliza-
tion period.28 If an animal was reported to have died after
hospital discharge and death was deemed directly related
to the laparoscopic/laparoscopy-assisted procedure by the
author(s) of that study, this was recorded here as a short-
term or long-term postoperative complication, depending
on the time frame in which the complication occurred.

The selected studies methodological quality and level
of evidence were assessed by using the MINORS (Method-
ological Items for NOn-Randomized Studies) scoring
system,25 which comprises eight items for non-compara-
tive studies and four additional items for comparative
studies. The items are scored 0 when information is not
reported, 1 when information is reported but inadequate,
and 2 when information is reported and adequate. The
global ideal score is 16 for non-comparative studies and
24 for comparative studies, whereas 0 is the weakest score
(Table 1). No modifications to the initial questions
included in the MINORS scoring tool were required. The
MINORS score was calculated only for non-randomized
studies and could not be applied to the RCT. In addition,
all studies were assessed for level of evidence (Table 2)
and classified on a scale of I-IV by using a classification

TABLE 1 The revised and validated version of MINORS25

Methodological Items NOn-Randomised
Studies (MINORS) Scorea

1 A clearly stated aim: the question addressed
should be precise and relevant in the light of
available literature

0-1-2

2 Inclusion of consecutive patients: all patients
potentially for inclusion (satisfying the criteria
inclusion) have been included in the study
during the study period (no exclusion or details
about the reasons for exclusion)

0-1-2

3 Prospective collection of data: data were
collected according to a protocol established
before the beginning of the study

0-1-2

4 Endpoints appropriate to the aim of the study:
unambiguous explanation of the criteria used
to evaluate the main outcome which should be
in accordance with the question addressed by
the study. Also, the endpoints should be
assessed on an intention-to-treat basis.

0-1-2

5 Unbiased assessment of the study endpoint:
blind evaluation of objective endpoints and
double-blind evaluation of subjective
endpoints. Otherwise the reasons for not
blinding should be stated

0-1-2

6 Follow-up period appropriate to the aim of the
study: the follow-up should be sufficiently long
to allow the assessment of the main endpoint
and possible adverse events

0-1-2

7 Loss to follow-up less than 5%: all patients
should be included in the follow-up.
Otherwise, the proportion lost to follow up
should not exceed the proportion experiencing
the major endpoint

0-1-2

8 Prospective calculation of the study size:
information of the size of detectable difference
of interest with a calculation of 95% confidence
interval, according to the expected incidence of
the outcome event, and information about the
level for statistical significance and estimates of
power when comparing the outcomes

0-1-2

Additional criteria in the case of comparative
study

9 An adequate control group: having a gold
standard diagnostic test or therapeutic
intervention recognized as the optimal
intervention according to the available
published data

0-1-2

10 Contemporary groups: control and studied
group should be managed during the same
time period (no historical comparison)

0-1-2

11 Baseline equivalence of groups: the groups
should be similar regarding the criteria other
than the studied endpoints. Absence of
confounding factors that could bias the
interpretation of the results

0-1-2

TABLE 1 (Continued)

Methodological Items NOn-Randomised
Studies (MINORS) Scorea

12 Adequate statistical analyses: whether the
statistics were in accordance with the type of
study with calculation of confidence intervals
or relative risk

0-1-2

a0 = not reported, 1 = reported but inadequate, and 2 = reported and
adequate. The global ideal score is 16 for noncomparative studies and
24 for comparative studies.

TABLE 2 Grading scheme for quality of evidence scoring23,29

Level of
evidence Study designs

I Randomized controlled trial

II Prospective cohort study (patients
compared with a control group of
patients treated at the same time
and institution)

Poor-quality RCT; eg, <80% follow-up

III Case control study
Retrospective cohort study

IV Case series, no control group or
historical control group

V Expert opinion
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proposed by Wright et al29 for therapeutic studies that has
been previously applied in systematic reviews published in
the veterinary literature.23,24,29 Level I evidence is the
strongest and includes high quality RCT, whereas
evidence with the least strength is expert opinion, level V
(Table 2). Expert opinion, as well as editorials, were not
included in this review.

3 | RESULTS

In total, 840 articles were identified through database
searching, and four were added from the manual search.
After duplicates were removed, 741 manuscripts
remained and were screened, leaving 104 studies that
met the inclusion criteria for this systematic review. Forty
studies were excluded after the full text was assessed, and
64 studies were eligible for data extraction and quality
assessment (Figure 1). The most common reason for
exclusion was insufficient reporting of intraoperative
complications (n = 21). Additional reasons for exclusion
included the presence of review articles, abstracts, reports
with less than three dogs, non–English-language articles,
and human experimental studies describing surgeries not
applicable to veterinary surgery (n = 19).

3.1 | Study characteristics

Study characteristics are presented in Table S3. Descrip-
tion of the study method or design was incomplete or not
mentioned in many instances and had to be assigned by
the primary author. Among the 64 studies selected, there
were 35 (54.7%) case series, 10 (15.6%) RCT, nine (14.1%)
cohort studies, six (9.4%) experimental studies, two (3.1%)
case reports including a minimum of three dogs, and two
(3.1%) studies that included clinical and experimental
cases. Data collection was retrospective in 37 (57.8%)
studies, prospective in 25 (39.1%) studies, and the two
studies that included both experimental and clinical cases
were retrospective and prospective. In total, 2428 dogs
were described within 64 studies, with a median of
16 (range, 3-618) dogs per study. Fourteen (21.9%) studies
included a control population, with a median of 18 (range,
10-60) dogs. Thirty-two (50%) studies described a modi-
fied Hasson technique, 13 (20.3%) described a Veress nee-
dle technique, nine (14.1%) described both techniques,
and 10 (15.6%) did not specify entry technique (Table S1).

All studies specified occurrence of intraoperative
complications and conversion events. Forty (62.5%) stud-
ies did not mention at least one temporal category of
postoperative complications; among these 40 studies,
five (12.5%) did not mention immediate postoperative

complications, 25 (62.5%) did not mention short-term
complications, and 39 (97.5%) did not describe long-
term complications. Surgical time was not reported in
three (4.7%) studies. Hospitalization time was not
reported in 27 (42.2%) studies, and follow-up was not
mentioned in seven (10.9%) studies. Because of variation
in normality of continuous data such as surgical time,
hospitalization time, and follow-up time within individ-
ual reports and absence of this information in others, it
was not possible to summarize these data in an accurate
manner.

3.2 | Classification of studies by organ
system

Classification of studies by organ system is presented in
Tables S1 and S2. Numbers of studies and participants
were reported within each organ/system group
including female genital tract (22 studies [n = 1407
dogs]),1,7,11,20,30-47 urinary tract (7 studies [n = 114]),3,48-53

stomach (9 studies [n = 250]),10,18,54-59 intestinal tract
(5 studies [n = 48]),60-64 liver (5 studies [n = 288]),12,17,65-67

adrenal gland (5 studies [n = 62]),13,28,68-70 spleen (7 studies
[n = 111]),19,71-76 and other (4 studies that included
gastropexy and ovariectomy procedures [n = 148]).9,77-79

One experimental study, in which colopexy in seven male
dogs was described, was classified as intestinal tract even
though these dogs were also sterilized during the surgical
procedure because this study reported only complications
and outcomes related to colopexy.63 Seventeen (26.6%)
studies included laparoscopic-assisted procedures. The
most common intraoperative complication was splenic lac-
eration, which was recorded 84 times in 24 (37.5%) studies
and across all organ systems (Table S2). Ten (11.9%) of the
84 incidents of splenic laceration required conversion to
an open procedure. Incidence of splenic laceration for each
study and organ system group is listed in Table S2. Con-
version to an open procedure was required and reported
47 times in total in 20 (31.3%) studies and reported across
all organ systems (Table S1). The conversion rate across all
studies ranged from 0% to 30%. Conversion rates within
each group are listed in Table S1. The group with the low-
est rate of conversion was the female genital tract (0.7%),
whereas the group with the highest rate of conversion was
the intestinal tract (8.3%). The highest conversion rate was
described in a case series of 20 dogs undergoing cholecys-
tectomy.17 In this study, six cases required a conversion,
three because of technical challenges. The most commonly
reported postoperative complications, recorded 192 times
in 20 (31.3%) studies and across all organ systems, were
wound related and included emphysema, inflammation,
infection, swelling, seroma, discharge, and incisional
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hernia. Thirteen (21%) studies had no complication that
was encountered during the study period.

3.3 | Quality assessment

Quality assessment is presented in Table S3. The overall
mean MINORS score (applicable to non-randomized
studies only) was 7.3 of 16 (median, 8; range, 3-12) for
non-comparative studies and 14.5 of 24 (median, 14;
range, 8-21) for comparative studies. The interpretation
of the mean MINORS score led to high risk of bias for
52 (96.3%) of 54 studies. A moderate risk of bias was iden-
tified in only one experimental study.37 The second
assessment scale allowing quality assessment of all stud-
ies revealed that only two (3.1%) studies provided level I
evidence,7,56 14 (21.9%) studies provided level II evidence,
nine (14.1%) studies provided level III evidence, and
39 (60.9%) studies provided level IV evidence.

4 | DISCUSSION

Within the past decade, there has been a rise in the num-
ber of publications pertaining to laparoscopic and
laparoscopic-assisted procedures in dogs, along with the
emergence of descriptions of more advanced minimally
invasive procedures.13,14,80 This systematic review evalu-
ated the available scientific literature pertaining to lapa-
roscopic and laparoscopic-assisted procedures in dogs
over the past decade. Grouping of studies by individual
organ systems illustrates types of complications related to
minimally invasive surgery involving these organ systems
(Tables S1 and S2). Most studies included in our review
were case series, with only 10 RCT. The proportion of
prospective studies (almost 40%) is encouraging; how-
ever, most studies were retrospective. We interpret mean
MINORS score for non-randomized studies, which
accounted for 62.5% of all included studies, as evidence of
a high risk of bias for just over 95% of such studies.
Forty-eight (75%) studies provided level III or IV evi-
dence. These findings highlight the design limitations
inherent to published studies over the past 10 years. With
this in mind, the authors of the present systematic review
advise caution in overinterpretation of comparison of
complication rates between studies.

The most commonly reported intraoperative compli-
cation in our review was splenic laceration and was most
commonly related to abdominal entry technique and
intracorporeal instrument handling.81 The highest inci-
dence (9.9%) was observed in the spleen group and
appeared related to injury to this organ during
intracorporeal manipulation rather than abdominal entry

technique. Within this group, the highest incidence
(27.3%) was in a study by Mayhew et al.19 The lowest
rate was in the liver group, in which the highest
incidence was 1.9%.65 Apparent lower rates of splenic
puncture were identified within groups/organ systems
containing more complex procedures such as cholecystec-
tomy and adrenalectomy compared with elective proce-
dures such as ovariectomy and gastropexy (Table S2).
These data may provide evidence that, with increasing
laparoscopic experience, surgeons performing more com-
plex procedures may be less likely to commit a basic tech-
nical error. When comparisons between groups in this
systematic review are made, it should be borne in mind
that the reporting of complication rates and types
(eg, bleeding from the spleen or ovarian pedicle) within
studies depends on the authors' definitions of what con-
stitutes a complication and the study design (ie, prospec-
tive vs retrospective), which impacts the accuracy and
completeness of the medical records.

Our systematic review revealed a preponderance of use
of the modified Hasson technique compared with the
Veress needle technique during the past decade. The rea-
sons for this are unknown but are likely related to surgeon
preference.30 Although it was not included in our system-
atic review, a Ternamian visual entry technique has been
described in dogs and in man.81 A previous study showed
a higher risk of splenic puncture and general visceral or
vascular complications secondary to a blind entry tech-
nique.15,77 The authors of a recent study evaluated the
prevalence of and risk factors for complications related to
three different entry techniques, the modified Hasson,
Veress needle, and Ternamian visual entry techniques.81

In that study, complications were five and 28 times higher
with modified Hasson (26%) and Veress needle entry
(60%) techniques, respectively, compared with Ternamian
visual entry (9%) technique. While complications related
to entry technique were encountered in approximately
20% of procedures overall, just over 90% of these complica-
tions were considered minor.81 Conversely, Pope and
Knowles11 identified no significant difference in the inci-
dence of splenic laceration with Veress or open technique.
The true rate of complications related to abdominal entry
technique in small animal laparoscopic surgery is most
likely underreported,82 and there is a requirement for
large prospective RCT to determine the superiority of one
technique over another.81

The most commonly reported postoperative complica-
tion identified in this review was portal incision related.
Despite a lower reported rate of surgical site infection and
shorter incision lengths with laparoscopy compared with
open surgical technique,6,37 fairly high rates of incisional-
related complications have been reported with certain lap-
aroscopic procedures.11,83 In the study by Pope and
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Knowles,11 postoperative incisional complications (inflam-
mation, seroma, herniation) occurred in approximately
16% of dogs. In a recent multi-institutional study not
included in this review, approximately one in five
dogs undergoing laparoscopic-assisted gastropexy experi-
enced a postoperative incision-related complication. These
included seroma in just over 12% of dogs and surgical site
infection in approximately 4% of dogs.83 Finally, 30% of
dogs experienced postoperative incisional complications in
a study involving laparoscopic-assisted gastropexy.18 Some
of these complications may have been related to the loca-
tion of the ports (eg, midline vs paramedian), abdominal
entry technique, and the type of port used, with the modi-
fied Hasson technique and single-incision laparoscopic
surgery port requiring more soft tissue dissection compared
with the Veress technique and single-port cannula assem-
blies, respectively. Other factors such as requirement to
extend the size of portal incisions (eg, laparoscopic-assisted
ovariohysterectomy) may also be responsible for some of
these incisional complications within studies.

We were surprised to find that comparable conversion
rates were identified in this review among studies involv-
ing the female genital tract (0.7%) and those reporting
more complex surgical procedures involving the adrenal
glands (2.3%) and liver (4.9%) organ systems.20,28 How-
ever, not all studies followed this trend. For example, in a
study by Scott et al51 involving 20 dogs that underwent
laparoscopic cholecystectomy, 30% of dogs experienced
intraoperative complications that required conversion to
open technique. It may be anticipated that the more expe-
rienced laparoscopist, proficient and comfortable with
complex laparoscopic procedures, would tolerate more
adverse situations for a longer time before converting to
an open procedure. Other factors such as careful case
selection are also very likely to influence intraoperative
conversion rates.12,36,40

The term perioperative was not employed as a time
period in this review because it was considered
ambiguous. Instead, complications were divided into
intraoperative, immediate postoperative, short-term, and
long-term.27 Because of the absence of standardized defini-
tions of study time frames in small animal soft tissue sur-
gery, comparison of complication rates between studies is
challenging. In a very recent systematic review of criteria
used to report complications in soft tissue and oncologic
surgery, the term perioperative was found to refer to time
frames ranging from during anesthesia to within 14 days
postoperatively.84 The authors of that systemic review
discouraged the use of the term perioperative because of
its variable meaning. Instead, the authors recommended
use of preoperative, intraoperative, and postoperative,
with the latter capable of being subdivided into during
hospitalization, short-term, and long-term. Standardization

of definitions and criteria for reporting complications
will improve our ability to compare results between
studies.

Systematic reviews preferentially include studies with
high levels of evidence-based medicine such as RCT and
prospective cohort studies. Only 25.9% of studies included
in this review provided level I or II evidence. Specific
difficulties in conducting randomized trials in human and
veterinary surgery are recognized. Research is therefore
mainly based on observational or non-randomized stud-
ies.25 Even by using a validated scale specific to observa-
tional studies, careful interpretation of results is required
in this specific surgical field. Minimally invasive surgery,
particularly laparoscopy, may be particularly vulnerable to
selection bias within observational studies. For instance,
patients with fewer comorbidities may be more frequently
selected for laparoscopic procedures, and randomized
studies are more likely performed by experienced laparo-
scopic surgeons, limiting the comparability of their
reported outcomes.85 Systematic reviews do not result in
improvement in the scientific evidence. If RCT are associ-
ated with specific challenges in veterinary surgery, an
effort should be made to conduct good quality observa-
tional studies. Just as the CONSORT (CONsolidated Stan-
dards Of Reporting Trials) statement provides guidance on
reporting RCT, the STROBE (Strengthening The
Reporting of OBservational studies in Epidemiology) state-
ment provides recommendations for improving common
observational clinical designs (cohort, case–control, and
cross-sectional studies).86 This statement, currently not
used in veterinary surgery, should be considered.

Numerous considerations and limitations must be
acknowledged in this systematic review. A controlled, thor-
ough electronic and manual search of manuscripts was
performed following the PRISMA guidelines.26 However, it
is possible that some reports may have been excluded from
this review if the title or abstract did not contain a relevant
search term. Important data might also have been omitted
because only studies in the English language were
included. Most studies included in this systematic review
were retrospective in nature. Therefore, the accuracy of
data such as recording of complications within studies will
have relied heavily upon the completeness of the medical
records. Differences in study design within groups (eg, ret-
rospective case series vs RCT) and lack of standardized
criteria for what constitutes a complication make compari-
son of complication rates between studies and overall
groups difficult. In addition, small case series may be
biased toward successful outcomes. Rates of complications
and conversion within studies, particularly those relating
to more complex surgical procedures, are expected to be
related to surgeon experience and expertise and may not be
reproducible by less experienced laparoscopists. The
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inclusion of laparoscopic-assisted procedures, which
accounted for 25% of all included studies, may have con-
tributed to an underestimation of complications, particu-
larly intraoperative complications in which the technique
becomes comparable to an open procedure after organs
are exteriorized (eg, laparoscopy-assisted gastrointestinal
biopsies, laparoscopy-assisted ovariohysterectomy). How-
ever, these studies also included the entry technique and
abdominal exploration aspect of the laparoscopic proce-
dure and were therefore included. Finally, studies in
which laparoscopic-assisted gastropexy was described,
which accounted for most laparoscopic-assisted studies,
very commonly included ovariectomy or other procedures
performed intracorporeally and had to be classified in the
group “other” in this review. This likely affected the over-
all frequency of complications related to these individual
procedures and groups in our review.

By summarizing the scientific literature of the past
decade, we have provided a systematic review that is an
extensive and thorough overview of complications related
to laparoscopic and laparoscopic-assisted surgery in dogs.
This review highlights that most of the veterinary literature
reporting on laparoscopic and laparoscopic-assisted proce-
dures has a low level of evidence, which limits formulation
of strong conclusions and comparison of complication
rates between studies. The consistent reports of splenic
puncture identified in this systematic review justifies the
recent interest in entry technique related complications.
There is a requirement for implementation of standardized
criteria for defining complications and study time frames
and greater numbers of prospective RCT or high-quality
observational studies in veterinary laparoscopic surgery to
permit comparison of complication and conversion rates
between published studies and across organ systems.
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