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Preoperative imaging is a key tool in small-animal surgery; however, its predictive value
for postoperative complications remains to be carefully investigated. The present study
aimed to assess the predictive value and limitations of preoperative radiology for
postoperative complications in small animals, based on evidence from in vivo studies. A
systematic search of PubMed, Scopus, Web of Science, and Google Scholar databases was
performed between 2020 and 2025 using keywords related to preoperative imaging,
postoperative complications, dogs, cats, and animal models. Inclusion criteria included in
vivo experimental studies on small animals (dogs and cats), reporting at least one
preoperative imaging modality, including radiography, ultrasound, computed
tomography (CT), and magnetic resonance imaging (MRI). Case reports, case series with
a sample size of less than 5, and review articles were excluded. Out of 522 initial studies,
duplicates were removed, and titles and abstracts were screened. This process resulted
in 135 articles being fully evaluated, from which 116 studies were excluded, leaving 19
studies for inclusion. The positive predictive value of imaging for complications such as
intestinal anastomotic leakage, pneumothorax after thoracotomy, and uroma after
urinary tract surgery was moderate to acceptable. However, major limitations were
present, including low sensitivity for detecting mild adhesions, inability to predict
individual fibrotic responses, and failure to detect local microbiota. Additionally, normal
preoperative radiological findings in small animals were associated with significant
postoperative complications. Preoperative radiology in small animals has moderate to
high predictive value for specific complications such as syringomyelia. However, owing
to its limited sensitivity in detecting microscopic involvement and variations in
individual tissue responses, preoperative radiology cannot serve as the only tool for
clinical decision-making. Combining imaging with serum biomarkers and
complementary laparoscopic evaluation are necessary for predicting post-surgical
complications in small animals.

1. Introduction

Surgery in small animals, especially in dogs and cats, has
made significant progress in the last two decades, and
complex procedures such as oncological, orthopedic,
neurological, and gastrointestinal surgeries are increasingly

used; the postoperative outcomes, particularly the
occurrence of complications such as anastomotic leakage,
sepsis, intra-abdominal adhesions, pneumothorax,
aspiration pneumonia, and urinary tract uremia, are the

performed in clinics-3. The success of a surgical procedure = main factors of treatment success*t. Postoperative
is not limited to the skill of the surgeon and the technique = complications not only increase the length of
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hospitalization, mortality, and treatment costs, but also
directly affect the animal's quality of life and owner
satisfaction’. Therefore, the ability to predict these
complications before surgery has always been a primary
goal in veterinary medicine.

Preoperative imaging is widely used as a noninvasive
and accessible tool to assess anatomy, identify underlying
abnormalities, investigate adjacent organ involvement,
and estimate the extent of the lesion before surgical
incision1011, Common preoperative imaging methods
include plain radiography, computed tomography (CT),
and, in special cases, magnetic resonance imaging
(MRI)1213, Each imaging method has a different ability to
reveal anatomical and pathological details. For instance,
in thoracotomy surgery, chest radiography may reveal a
mild pneumothorax or effusion, while in abdominal
surgery, ultrasound may demonstrate bowel wall
thickening, mesenteric vasodilation, and signs of local
inflammation415. Moreover, CT has notable advantages,
including high tissue resolution and the possibility of
three-dimensional (3D) reconstruction, especially for
assessing vascular and bony involvement!6. Despite the
widespread use of preoperative imaging in routine clinical
practice, a major knowledge gap remains. Many
veterinary surgeons have numerous clinical experiences
in which preoperative imaging was completely normal,
but the animal developed severe and sometimes fatal
complications after surgery. This was a false-positive case
in which imaging failed to detect an actual problem7.18, On
the other hand, X-rays sometimes revealed concerning
signs, such as a mildly enlarged intestinal loop, prompting
the veterinarian to expect a complication, but the
subsequent surgery proceeded without  any
complications. This phenomenon is referred to as a false
negative due to overprediction type!®. The disparities
between imaging predictions and actual surgical
outcomes suggested that the current scientific evidence
supporting or rejecting the use of imaging as a reliable
predictive instrument for surgical procedures remained
poorly understood?°.

Preoperative radiology can demonstrate gross
structures but cannot predict the biological response of
tissues to the presence of a foreign body (suture thread),
local ischemia, or unknown infection?!. In addition, there
are numerous confounding factors, such as surgeon
experience, surgical technique, suture quality, nutritional
status, and the animal's immunity, as well as concomitant
medications such as corticosteroids, none of which can be
measured by imaging, but all are ultimately determinant
factors in the occurrence of complications?2. Most of the
studies on the predictive value of preoperative imaging
were ex vivo or human studies that were not directly
applicable to small-animal veterinary practice7.19. In vivo
studies in dogs and cats that have specifically addressed
the predictive value of preoperative imaging are few,
sporadic, and often have small sample sizes or short
follow-up periods223. Existing studies have primarily
concentrated on a particular imaging modality, such as CT,
and a specific complication, namely intestinal anastomotic
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leak. A comprehensive overview of the predictive value of
different modalities across different surgical procedures
remains to be established lacking?4. The present study
aimed to assess the application and limitations of
preoperative radiology in predicting postoperative
complications in small animals based on evidence from in
vivo studies.

2. Search criteria

The present systematic review adhered to the
methodological standards outlined in the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement?s. A comprehensive literature search
was conducted in PubMed (MEDLINE), Scopus, Web of
Science (Core Collection), and Google Scholar, targeting
publications published between January 2020 and
December 2025. The search strategy was designed using a
combination of medical subject headings and keywords for
PubMed and free-text keywords for other databases. The
main keywords included preoperative imaging or
preoperative  radiology, preoperative radiography,
preoperative ultrasound, preoperative CT, preoperative
MRI, and post-surgical complications or postoperative
complications, anastomotic leak, sepsis, pneumothorax,
adhesion, urinary leakage, and small animals or dogs,
canine, cats, feline, and in vivo NOT ex vivo, or cadaver. In
addition, the reference lists of retrieved articles, as well as
articles citing key studies, were checked using the cited-by
feature in Google Scholar to minimize the risk of missing
relevant studies (Figure 1). The inclusion criteria were
precisely and pre-determined to encompass original
experimental studies with an in vivo design involving small
live animals of the species dog (Canis familiaris) or cat (Felis
catus). Additionally, book chapters and retrospective
studies that presented pertinent data on preoperative
imaging and postoperative outcomes, including plain
radiography, ultrasound, CT, or MRI performed prior to
surgery, were included. The criteria required systematic
and transparent recording of postoperative complications
during follow-up, with a focus on late issues such as
adhesions or chronic abscesses. Furthermore, only studies
published in English or accompanied by an official English
translation were considered. Exclusion criteria were
included ex vivo or cadaveric studies, case reports and case
series with a sample size of less than five, review and
opinion articles, letters to the editor, conference abstracts
without full text, and studies in which postoperative or
intraoperative imaging was performed without recording
preoperative imaging. The screening process was
performed by two independent authors, who first reviewed
the titles and abstracts, then potentially relevant articles
were retrieved and evaluated in full text. The quality
assessment of eligible studies was carried out
independently by two authors. The preliminary search
yielded 522 citations, which were reduced to 240 after
eliminating duplicate records. Following title and abstract
screening, a total of 135 publications were considered
suitable for full-text examination. Then, 116 articles were
excluded for different reasons, including lack of follow-up,
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sample size, lack of specific preoperative imaging, and ex
vivo design. Ultimately, 19 studies of acceptable quality

were deemed eligible for inclusion in the present study.

Records identified from all databases searched (n=522)

Duplicates excluded
(n=53)

Excluding non-relevant
articles (229)

Studies excluded after

reading title and abstract
(m=105)

Studies excluded after

applying exclusion
criteria (n=116)

Identification
Screening Title and abstract evaluation after removing duplicates (n=240)
Eligibility Studies included in the final analysis stage (n=135)
l
Included Total studies meeting the criteria for systematic review (n=19)

Figure 1. The PRISMA flow diagram for study design and literature selection procedure

3. Results

Among the eligible studies, there were considerable
differences in the type of preoperative imaging modality and
the type of postoperative complication studied?¢27. Some
studies focused on plain chest or abdominal radiography,
while another group of studies used ultrasound as the
primary prognostic tool?82°, Fewer studies used CT and, in
rare cases, MRI2628, The complications associated with the
predictive value of preoperative imaging ranged from
anastomotic leaks in gastrointestinal surgery, pneumothorax
following thoracotomy, intra-abdominal adhesions, urinary
tract urolithiasis, and surgical site infections3°31. The studies
had different designs, making direct comparisons
challenging, but these differences highlighted shared patterns
in their predictive values. Several studies indicated that when
preoperative imaging revealed a clear and measurable
structural abnormality, such as abnormal bowel wall
thickness, air or fluid in anomalous cavities, or significant
bony involvement in small animals, its positive predictive
value was relatively acceptable, typically ranging from 6% to
80% in veterinary studies!13233, When a radiological finding
was clearly visible and matched the expected
pathophysiology of the condition, the chance of that same
complication occurring after surgery was higher3435, For
instance, in intestinal anastomosis, the presence of free fluid
with air bubbles on preoperative ultrasound, which is a sign
of transmural inflammation, was often associated with
anastomotic leakage in the postoperative period3637. Also, in
thoracotomy, preoperative radiographs showing significant
pleural effusion were associated3840 with prolonged
pneumothorax and the need for repeated drainagel-3.
However, it is important to emphasize that even in ideal
circumstances, imaging has never been a definitive predictor,
and numerous cases of false positives (abnormal findings but
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no clinical complication) have been reported*++7.

A major challenge of preoperative imaging in small
animals was its low negative predictive values. Therefore,
the absence of pathological findings on radiology
(completely normal imaging) can never reliably guarantee
the absence of a complication after surgery*°. In many cases,
small animals with normal preoperative imaging developed
serious, sometimes life-threatening complications after
surgery#14350, Normal imaging shadowing occurs primarily
because imaging techniques cannot detect microscopic
processes such as immature adhesions, mild inflammation
without wall thickening, subclinical ischemia, or local
bacterial contamination>52. When comparing different
imaging techniques, A relatively clear pattern emerged; CT
and MRI, which have higher resolution, were more effective
atpredicting outcomes than standard X-rays. However, even
CT and MRI could not fully address the primary issues, as
these imaging methods were unable to predict the biological
response of tissues during or after surgery>354. In addition,
in all 19 studies, several confounding factors were identified
that affected the predictive power of imaging. Factors
influencing outcomes included the surgeon's skill and
technique, with less experienced surgeons experiencing
more complications even when X-ray results were the same.
Additionally, the animal's overall health, including albumin
levels and immune system function, played a role. The use
of anti-inflammatory medications or steroids, which can
affect scar tissue formation, and other pre-existing
conditions, such as chronic kidney failure, also contributed
to diabetes5542,

4. Discussion

A critical challenge identified in the studies was the
inherent inability of preoperative imaging techniques to
detect pathological processes at the microscopic or
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submillimeter level scale*’. More specifically, preoperative
X-rays can distinctly reveal a substantial tumor, a notably
swollen intestinal loop, or a substantial accumulation of air
within the thoracic cavity. However, these findings were
largely ineffective at identifying early scar tissue
(immature adhesions), mild surface inflammation that has
not yet caused thickening of the intestinal wall, or small
regions of bacterial proliferation on the external surface of
the intestines>¢. In several studies, preoperative imaging
was reported to be completely normal; however, after
opening the abdominal cavities of small animals, surgeons
encountered extensive but thin, transparent adhesions
that were not detectable by either ultrasound or CT57%8.
Adhesions not only interrupted the surgical procedure but
also directly raised the risk of injuring nearby organs and
extended the surgery duration>®. Therefore, one of the
main challenges was that imaging cannot replace direct
surgical exploration to assess adhesions and mild
inflammation>7.60. Another major challenge was clinical
false positives preoperative radiological findings, which
exhibited highly abnormal and alarming conditions,
preparing the surgeon for a complex postoperative
complication. However, in practice, the surgery was
performed without particular challenge, and the animal’s
recovery period proceeded without major
complications261. In many of these false positive cases, the
radiological finding represented a chronic and persistent
inflammatory process that no longer posed a risk of
causing acute postoperative issues, or it was a
degenerative, non-progressive anatomical change that did
not interfere with tissue repair and wound healing. The
challenge was intensified when the surgeon decided to
change the surgical site, widen the incision, incorporate a
more invasive procedure, or even cancel the surgery based

Image Acquisition

on these false-positive findings findings®2. Another
challenge was the insufficient consideration of clinical
confounders when interpreting radiological data.
Preoperative imaging provides a static view of anatomy
and pathology at a specific time point, typically a few days
to a few weeks prior to surgery. However, preoperative
imaging does not consider clinical factors such as the
animal's nutritional status (especially low albumin levels),
immune function, use of immunosuppressive medicines,
renal or hepatic failure, or the unique fibrotic response in
each case®3. Two animals with identical radiological
findings can follow completely different postoperative
conditions. This difference might be due to genetic and
epigenetic factors that influence the rate and quality of
tissue repair, which cannot be measured by any imaging
technique®*.

Preoperative imaging alone can never serve as a
definitive and independent predictor of postoperative
complications in small animals6566. Imaging techniques are
no longer regarded as the sole predictor but rather as one of
the inputs to a clinical decision support system. A
multivariate approach has the potential to substantially
diminish false positives and to identify high-risk cases even
when imaging results appear normal. The most promising
future development in this field is the integration of artificial
intelligence and deep learning with radiomics to identify
hidden features in preoperative imaging data that are
invisible to the human eye®’. Radiomics is the process of
quantitatively extracting hundreds of features, including
texture features, spatial patterns, and signal heterogeneity,
from radiological images, which can be related to
subcellular biological processes such as angiogenesis,
fibrosis, and inflammation®8. Figure 2 illustrated a radiomics
model process.

Formation of
Radiomics
Model

Relationship
between pixels
Size, Shape,
Image Intensity

Tumour Segmentation

Radiomic Feature Extraction

Statistical Analyses

Figure 2. Formation of a radiomics model workflow diagram. The diagram shows the process of building a radiomics model in five steps: First, using
medical images (such as CT or MRI), the tumor region was segmented on the images. Next, the relationships between pixels in terms of size, shape, and
brightness were examined, and radiomics features were extracted. Finally, using these features, a predictive model was formed that can be used in diagnosis,
prognosis, or assessment of response to treatment (Source: MDPI Copyright, 2026; Rajgor et al.®%)

Deep learning-based methods, with particular emphasis
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on convolutional neural networks (CNNs), can analyze raw
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images to identify high-dimensional features associated
with postoperative adverse conditions, all without manual
input from humans?%71, In the future, an advanced system
could analyze a CT or ultrasound image of an animal and
quickly generate a detailed map showing adhesion
likelihood, the risk of anastomotic leaks, and an estimate of
tissue healing time, all with greater accuracy than
experienced human radiologists7273. Overall, the future of

predicting postoperative complications in small animals can
be improved by advances in imaging technology and by the
intelligent integration of imaging, molecular biomarkers,
and artificial intelligence into a comprehensive clinical
decision-support system. Veterinary surgeons are advised
to view radiological findings as a guide rather than a
definitive predictor, and to always exercise clinical caution
alongside imaging (Figure 3).

( N\ 4 N\ 4 N\
Preoperative [::: Intraoperative :: Postoperative
Planning Guidance Management
\_ \_ J J
™ Ve N s ™
Al-Enhanced Imaging Robotic-Assisted Al-Based Monitoring
& Radiomics Surgery (RATS) and Wearables
. J \_
{ N g N 4 N
Risk Stratification & Augmented Reality Predictive Analytics
Prediction (AR) for Navigation for Complications
J
N s N e R
3d Modeling and Al-Guided Decision EHR-Based Risk
Surgical Planning Support Stratification
\ J \ J

Figure 3. The role of artificial intelligence across different phases of thoracic surgery. In the preoperative phase, Al enhances imaging through radiomics,
assists in risk stratification, and supports 3D modeling for surgical planning (Source: MDPI Copyright, 2025; Leivaditis et al.”4)

5. Conclusion

The current study indicated that preoperative imaging,
including radiography, ultrasound, CT, and MRI, although
valuable for identifying obvious organ abnormalities and the
surgical procedure, cannot alone serve as a definitive,
independent predictive tool for postoperative complications.
The current findings highlighted that animal and in vivo
studies are essential for understanding how biological
variability, individual physiology, and unpredictable surgical
factors can cause imaging results to misalign with clinical
outcomes. Future studies should focus on developing
multivariate predictive models, conducting prospective
studies with a uniform protocol, and utilizing artificial
intelligence and radiomics to extract latent features from
images. Although radiographic evaluation provides valuable
diagnostic information, it should be interpreted with caution.
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