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PREFACE

This book covers key areas of medicine and medical research. The
contributions by the authors include human papillomavirus,
carcinogenesis, cervical intraepithelial neoplasia, cervical cancer, HPV
prevalence, intraoperative durotomies, pseudomeningocele, epidural
blood patch, stem cell leukemia gene, diabetic cystopathy, DCP-related
alterations, local flap technique, compound leg injuries, fasciocutaneous
flap, extrapulmonary tuberculosis, cartridge-based nucleic acid
amplification test, Harden’s ladder, competency-based medical
education, CBME curriculum, body imaging techniques, biomedical
research, duel-energy X-Ray absorptiometry, magnetic resonance
spectroscopy, computed axial tomography, bioelectric impedance
analysis, colorenal fistula, renal tumour cryotherapy, thoracoabdominal
computed tomography, total colectomy, ileorectal anastomosis, terminal
ileum perforation, cardiopulmonary auscultation, inguinal hernia repair,
sutured hernia repair, prolene hernia system, desarda repair, pulmonary
hypertension, congestive heart failure, particularly atrial fibrillation,
anesthesia management. This book contains various materials suitable
for students, researchers, and academicians in the fields of medicine and
medical research.
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ABSTRACT

Diabetic cystopathy, a complication of diabetes affecting the bladder, is mainly
characterized by reduced contractility of the detrusor and increased post-voiding
residual volume, which is induced by the reduction of the interstitial cells of Cajal.
Previous studies have shown that interstitial cells of Cajal (ICCs) in the detrusor
have pace-making ability, which is responsible for the contraction of the detrusor.
Taken together, increased SCL expression in DCP patients may initiate a
cascade of events, resulting in increased c-KIT activity, thus leading to the
rescue of bladder function. The c-KIT protein is a specific marker of the interstitial
cells of Cajal and the product of a c-KIT proto-oncogene. The interstitial cells of
Cajal in a high glucose medium express less ¢c-KIT mRNA and protein. SCL gene
serves to assemble SCL complexes on the c-KIT promoter, sustaining c-KIT
transcription. Proper transduction of exogenous SCL genetic material, increases
c-KIT expression and leads to synthesis of the functional SCL protein.
Intravesical, lentiviral vector-mediated gene transfer has been shown efficacious
and safe. Therefore, proper intravesical transfer of RNA encoding SCL to the
interstitial cells of Cajal may enhance c-KIT transcription and activity in the
interstitial cells of Cajal of diabetic bladders, which may improve bladder activity.
Therefore, further studies may explore this treatment strategy in detail, not only
for diabetic cystopathy but also for other clinical problems, which can ameliorate
the quality of life of the patients, and seems therefore valuable.

Keywords: Intravesical; SCL gene; treatment; diabetic cystopathy; c-KIT
transcription.
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1. INTRODUCTION

The International Diabetes Federation estimates that 425 million people
worldwide have diabetes, making it the largest global epidemic of the 21st
century. 115 million people in China, 73 million in India and 30 million in the
United States have diabetes [1]. Diabetic cystopathy (DCP) is one of the most
common complications in diabetes mellitus, affecting over 25% of diabetic
patients [2,3]. The main symptoms of DCP are under-activity of the detrusor
muscle and increased post-voiding residual volume, which would induce severe
urinary tract infection, vesico-ureter reflux, hydronephrosis, and even uremia and
renal failure [4,5]. Diabetic neuropathy was considered the most common cause
of DCP. Diabetic neuropathy is a loss of sensory function beginning distally in the
lower extremities that is also characterized by pain and substantial morbidity
[6,7]. Previous studies have shown that interstitial cells of Cajal (ICCs) in the
detrusor have pace-making ability, which is responsible for the contraction of the
detrusor [8,9]. ICCs are involved in signal transmission between smooth muscle
bundles, from efferent nerves to smooth muscles, and from the urothelium to
afferent nerves [10,11,12]. The underactivity of DCP has the disturbance of
spontaneous contractility, caused by reduced suburothelial ICCs in DCP patients
[13,14]. ICCs in cultured bladder tissue with high glucose medium were found to
exhibit poorly self-excited, reduced connections with detrusor cells and nerve
terminals, and expressed less c-KIT mRNA and protein than control cells [15].
The c-KIT protein is a specific marker on the cell membrane of ICCs, which is
encoded by the c-KIT proto-oncogene [16,17]. Activation of the c-KIT gene can
modulate cell growth, differentiation, and phenotype, while mutation of c-KIT
leads to ICCs absent [18,19,12]. The stem cell leukemia gene (SCL) is a tissue-
specific transcription factor of the basic helix-loop-helix family, functions in
hematopoietic development are normally expressed in pluripotent hematopoietic
precursors and are downregulated in maturing cells [20,21]. SCL induces c-KIT
expression in chromatin. For example, ectopic SCL expression in transgenic
mice sustains c-KIT transcription in developing B-lymphocytes, in which both
genes are normally downregulated [22]. Increased SCL expression upregulates
c-KIT gene expression in normal bone marrow cells. This c-KIT regulation
involves the proper activation of the c-KIT promoter by the SCL protein, which
coordinates SCL complex binding on the promoter sequence to activate c-KIT
transcription [23]. Elefanty et al. successfully introduced SCL into mutant mice
(SCL lacz/w) and demonstrated that functional SCL protein was synthesized
[24,12]. For the transfer of genetic material to the target tissue, the use of
intravesical lentiviral vector-mediated gene delivery to bladder cells has been
shown to be efficacious and safe for the treatment of bladder cancers [25]. Taken
together, increased SCL expression in DCP patients may initiate a cascade of
events, resulting in increased c-KIT activity, thus leading to the rescue of bladder
function.

2. THE HYPOTHESES

Given the results of previous studies, we hypothesize that intravesical SCL gene
transfer by viral vectors, such as the lentiviral vector, has a high potential to
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promote c-KIT gene expression in ICCs and relieve bladder under-activity in DCP
patients. During infection of ICCs, the viral vector carrying the SCL RNA is
transduced into the ICCs, reverse-transcribed into double-stranded DNA
(dsDNA) in the cytoplasm, and transported into the nucleus to stably integrate
into the ICC genome. In DCP patients, the exogenous SCL may be expressed,
and SCL protein may be synthesized in ICCs. Because DCP causes
downregulation of the c-KIT gene, newly produced SCL may activate and sustain
c-KIT transcription by binding to the promoter. These reactions may
enhance/sustain c-KIT gene transcription and protein synthesis in DCP patients;
therefore, bladder under-activity may be relieved.

3. DISCUSSION

DCP-related alterations of the detrusor are attributed to several mechanisms:
changes in cellular excitability or intercellular communication; changes in
receptor density, distribution, and function; alterations to intracellular signal
transduction; and molecular or genetic changes [10,11]. All of these mechanisms
are induced by abnormalities in ICCs in the bladder [26,27,12]. At the molecular
level, c-KIT, which is a transmembrane receptor on the ICC cell membrane, is
responsible for these abnormalities. Under normal conditions, the stem cell factor
(SCF) activates its receptor (c-KIT), and this triggers the activation of MAP
kinase and conducts the signal to the cell nucleus to modulate cell growth,
differentiation, and phenotype [28]. ICCs and detrusor smooth muscle cells
originate from the same cell type, which are embryonic, c-KIT- positive,
mesenchymal precursor cells. At the late embryo stage, the mesenchymal
precursor cells receiving the c-KIT signal differentiate into ICCs, while precursor
cells receiving no c-KIT signal become smooth muscle cells [19,12]. Mutation of
the dominant white spotting (W) locus in chromatin, where c-KIT has been
mapped in embryonic precursor cells, leads to ICCs absent in the mouse [29]. In
fact, the c-KIT protein is a detection marker, and it plays a crucial role in the
control of bladder function. The inhibition of c-KIT receptor induces ATP-K+
channel opening and cell membrane hyper-polarization in ICCs; concomitantly,
decreased excitability and contractility of the bladder have been detected, which
implies that c-KIT protein inhibition in ICCs decreases bladder activity [30,31].

SCL is a crucial regulator of diverse developmental processes, such as
hematopoiesis, neurogenesis, and myogenesis [32]. SCL is required for c-KIT
expression and function in the hemopoietic cell line and has been shown to
induce c-KIT transcription in chromatin. In a functional screen of TF-1 cells
expressing antisense SCL 20, c-KIT receptor function and expression were
defective [12]. However, co-delivery of SCL in the sense orientation rescued c-
KIT gene expression, which suggests that the latter is a potential downstream
target of SCL [23]. Ectopic SCL expression in transgenic mice induces sustained
c-KIT transcription in developing B cells. SCL levels determine c-KIT gene
expression in hematopoietic cells, and c-KIT expression is directly controlled by
SCL. In fact, SCL serves to nucleate the assembly of a multi-protein complex
(SCL complex) formed on the c-KIT promoter, which contains SCL, Lim-only 2,
GATA-1/GATA-2, E2A, LIM domain binding protein 1, and specificity protein 1
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(Spl) zinc finger protein. The SCL complex activates the c-KIT promoter;
specifically, SCL, E2A, and Spl have been shown to occupy the c-KIT promoter
in vivo in TF-1 cells [20-22,12]. Therefore, c-KIT is a direct target of the
transcription factor SCL and its partners, and activation of the c-KIT promoter
depends on SCL. Therefore, exogenously introduced SCL genetic material may
help cells sustain or enhance c-KIT function.

Kurita et al. showed that transduction of exogenous TAL1/SCL cDNA into
embryonic stem cells using lentiviral vectors is efficient and safe [33]. The viral
vectors can deliver significant amounts of genetic information into host cells and
integrate the newly synthesized dsDNA into the cellular genome successfully and
safely [34,35]. Accordingly, genetically engineered viral vectors, such as
lentivirus from the retrovirus family, are currently the most efficient tools for gene
delivery [12]. Viral vectors contain a viral promoter, which is used to control the
expression of the transgene and virulence genes are removed. Viral vectors are
safe to use in the laboratory with security modifications to eliminate pathogenicity
[36]. Viral vectors, e.g., the lentiviral vector, can transduce a wide range of
dividing and non-dividing mammalian cell types [37,38]. Thus, it is possible that a
lentiviral vector harboring SCL RNA can transduce ICCs into the mammalian
bladder. Upon infection, the single-stranded RNA is transduced into the ICCs and
reverse-transcribed to dsDNA in the cytoplasm; then the resulting dsDNA would
integrate into the genome of the ICCs (Fig. 1A) [12]. In DCP patients,
exogenously introduced SCL may be expressed, SCL protein may be
synthesized, and the SCL complex would assemble in the ICCs. In DCP patients
with downregulated c-KIT transcription, the assembled SCL complex may bind
the promoter to enhance or sustain c-KIT transcription. Thus, ICC function may
be restored, and bladder under-activity may be relieved (Fig. 1B) [12].

In fact, intravesical viral gene transfer has been applied to treat bladder cancer,
and the procedure was well tolerated; the bladder urothelium appears to prevent
systemic dissemination of the viral particles [25]. Lentivirus is the commonly used
vector for these procedures. Lu et al. successfully applied lentivirus-mediated
RNA interference to knockdown clusterin in bladder cancer cells at the RNA and
protein levels [39].

Some urologists may suspect the intravesical application of lentiviral particles
might cause some concern for local/systemic immunogenic responses, and there
is a possibility of poor viral vector permeability through the watertight barrier
formed by the urothelium [12]. A previous study in Taiwan developed an
intravesical instillation of an in situ biodegradable hydrogel system (15%
hydrogel) containing a lentiviral vector harboring WWOX, a rat bladder tumor
suppressor gene, to treat bladder cancer. The hydrogel system showed promise
for in situ delivery of lentiviral vectors to bladders and demonstrated gene
expression for bladder disease therapy without local/systemic immunogenic
responses [40,12]. Another research using lentiviral vector-mediated antisense
oligonucleotides targeting heat shock protein-27 with the tubulin inhibitor,
taltobulin (HTI-286), discovered that strong preclinical proof-of-principle for
intravesical administration of oligonucleotides in combination with HTI-286 for the
treatment of high-grade bladder cancer [41].
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A INTERSTITIAL CELL OF CAJAL
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Fig. 1. SCL transfer by the lentiviral vector into an interstitial cell of Cajal
(ICC). (A) Lentiviral vector carrying SCL RNA enters an ICC, and the SCL
gene is integrated into the host DNA in the nucleus. (B) The SCL gene
specifically enhances c-KIT promoter activity and c-KIT gene
transcription increases

4. CONCLUSION

Taken together, lentivirus-mediated gene delivery to bladder cells is a safe and
promising way to treat the underactivity of DCP by SCL gene enhancing c-KIT
gene expression to rescue the bladder function, so transfection of DNA via an
intravesical route using a viral vector is a new strategy of transgene expression
for bladder disease therapy [12]. Therefore, we proposed other researchers
explore this treatment strategy in detail, not only for diabetic cystopathy but also



Medicine and Medical Research: New Perspectives Vol. 11
Future Applications of Intravesical Stem Cell Leukemia (SCL) Gene Transfer for the Treatment of
Diabetic Cystopathy

for other clinical problems, which can ameliorate the quality of life of our patients,
and seem therefore valuable.
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ABSTRACT

Intraoperative durotomies in spinal surgeries can have potentially serious
consequences if not appropriately addressed. They result from an opening in the
dural-arachnoid membrane around the spinal cord, cauda equina or nerve root
sleeve. Most causes are iatrogenic, and if not properly addressed or go
unnoticed, patients may present with complications such as postural headache,
wound breakdown, meningitis, and even death. Magnetic resonance imaging is
the diagnostic study of choice, with treatment options ranging from observation,
bed rest, and/or epidural blood patch to lumbar subarachnoid drainage, and
surgical repair.
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1. INTRODUCTION

Intraoperative durotomies, whether incidental or intentional, can result in
potentially significant complications. Recent advancements in technology and
research have given spine surgeons numerous options for both intraoperative
dural repair and managing postoperative cerebrospinal fluid (CSF) leaks.
Intraoperative durotomies are normally considered on a spectrum, ranging from
spinal pseudomeningocele to CSF fistula with CSF leak (which will be referred to
as CSF leak in this paper). Most investigators agree a pseudomeningocele is an
extravasated collection of extradural CSF. It can be contained within a fibrous
capsule with or without an arachnoid-lined membrane [1,2]. If the extradural fluid
communicates with another cavity, such as the pleura, or if direct communication
to the outside exists, this is when it is considered a CSF fistula. A dural opening
needing to be present is believed to be the foundational reason for the existence
of this condition. By far, the most common cause is iatrogenic, resulting from a
dural tear during spinal surgery. Intraoperative treatment of intentional and
incidental durotomies through a variety of synthetic or autologous materials as
well as postoperative CSF leak management strategies including conservative
measures, epidural blood patches, CSF diversion therapies, and definitive
surgical repair will be discussed in the present review.

1.1 Epidemiology

latrogenic intraoperative durotomy can be encountered incidentally or
intentionally. For example, when accessing intradural tumors, the dura is
intentionally opened, in a planned manner and primary repair via suturing is
typically intended. If not properly addressed, this can increase the risk of
postoperative CSF leaks. Incidental durotomies are more challenging to treat
since they result in more complicated tears. Intraoperative incidental durotomies
are common, especially during lumbar laminectomy [3—6]. Rates of incidental
durotomy in lumbar durotomy have been reported in the literature to occur from
0.5% (in lumbar discectomy) to 35% in a single retrospective study [7,8].
Understandably, durotomy rates vary with the surgical technique employed, for
example, open versus a minimally invasive surgical approach. In one meta-
analysis it was found that a durotomy rate ranged from 2%-20% in open surgical
technique for lumbar degenerative conditions, and approximately ~7% in
minimally invasive techniques [9,108]. The incidence of intraoperative incidental
durotomy in cervical spine surgery is considerably lower compared to thoracic or
lumbosacral surgeries [10,11]. Presumably, this is due to the fact that surgeons
are more likely to manipulate the dura around the cauda equina and that there is
probably a higher number of laminectomies performed in the lumbar region
[12,13]. The incidence of CSF leak in elective anterior cervical spine surgery
ranges from 0.3%-21.4% [14,15]. This is appreciated to be higher with patients
suffering from ossified posterior longitudinal ligament (4.5%-32%) [16—18].
Cervical laminectomy and corpectomy have also been associated with the
development of postoperative pseudomeningocele [19-21]. In one study of 286
patients with ossification of the ligamentum flavum, one-third were reported to
have durotomies, but the literature on this is sparse [11,15]. It is more likely that
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the real incidence is unknown as many cases are self-limited and asymptomatic
[4].

1.2 Pathophysiology

latrogenic intraoperative durotomy may or may not be associated with an
arachnoid tear, but a dural tear is hecessary to have a durotomy. If the arachnoid
is not violated, the herniation of CSF and arachnoid membrane tends to
resemble a sac with some arguing that this condition should be a “true
meningocele” [22]. If the CSF extravasates through a dural-arachnoid tear into
the surrounding soft tissue, eventually leading to a fibrous capsule, it is termed a
pseudomeningocele [1,2]. In both conditions, there is no communication with
another cavity or the outside world.

The debate also exists when it comes to factors contributing to persistent
communication. Items that have been evaluated are the amount of CSF leak
and/or whether the arachnoid layer is violated or intact but with herniation. In
order to discuss the aforementioned fact, it is important to further delineate the
continuum with another term known as the pseudocyst. If the arachnoid mater is
intact then this is coined the pseudocyst and results in the accumulation of CSF
via a ball-valve mechanism [12,23]. Arachnoid mater violations where CSF can
directly flow into the extradural tissue forms the false cyst or pseudomeningocele.
CSF extravasations, if small, are believed to be self-limited as reabsorption is
more likely [24]. This is why the true incidence of intraoperative durotomy is
unknown since many cases are likely asymptomatic [4]. With a
pseudomeningocele this is less likely, as in some cases, the extravasated CSF
causes reactive changes in the postoperative bed of the paraspinal musculature,
leading to non-resorption of the fluid [20,25,26]. The vast majority of
intraoperative durotomies that lead to pseudomeningocele occur in the lumbar
spine because this part of the spine is under higher pressure compared to
cervical or thoracic areas [27].

1.3 Clinical Manifestations

Intraoperative durotomy may present in a variety of ways. As previously stated, in
the case of a small unnoticed durotomy, most are asymptomatic and self-limited
[4,24]. When symptoms do occur they can include, pseudomeningocele, leaking
from wound, dizziness, nausea, postural headaches, vertigo, neck pain, diplopia,
photophobia, tinnitus, and blurred vision [28]. Other more serious complications,
especially when CSF communicates with the outside world, include wound
breakdown, meningitis, hydrocephalus, arachnoiditis, and most grave, death [29].

The time interval for symptom onset ranges from immediate post-operatively to
years after surgery [1]. Pseudomeningoceles typically appear as a fluctuant mass
that can enlarge with Valsalva-causing maneuvers [30]. Sometimes pain can be
elicited from palpation of the pseudomeningocele [31]. An actual CSF leak can
be identified by clear, colorless fluid from an opening in the wound [32]. A
cloudier, red or xanthochromic appearance can occur suggesting an infection,
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presence of blood, or seroma which can complicate identification [32]. At times,
patients may report the return of their preoperative symptoms which can range
from radiculopathy to myelopathy or spinal cord injury believed to be caused by
the herniation of nerve tissue [5,19-21,31,33—-39]. Patients may also present with
intracranial hypotension symptoms including photophobia, cranial nerve palsies,
and tinnitus [40,41].

2. DIAGNOSTICS

Diagnosis is confirmed via magnetic resonance imaging (MRI) with history and
physical examination narrowing down one’s differential.

2.1 MRI

Imaging the spine is the initial step, with the signal following that of CSF on all
sequences. A region of hypointensity on T1-weighted images and hyperintensity
on T2-weighted images is seen [37,42]. MRI is particularly helpful as it can
delineate the location of the issue, sometimes showing the level of
communication with the dura and can characterize any internal components of
the sac. If the cranium is incidentally imaged, findings of intracranial hypotension
can be seen which include a subdural fluid collection, intracranial meningeal
enhancement, and caudal displacement of cerebellar tonsils [7] further narrowing
down one differential.

2.2 Computed Tomography (CT) and CT Myelogram

CT scanning can help better delineate bone than MRI, allowing for improved
visualization of a pseudomeningocele/cyst or fistula/leak relative to a surgical
site. The introduction of a myelogram, which involves performing a CT scan of
the spine after intradural administration of contrast, can identify the presence of a
pseudomeningocele or pseudocyst by showing it filling with the administered
contrast or by demonstrating active extravasation at the dural defect [43].

2.3 Beta 2-Transferrin

If a fistula/leak is present and direct visualization of clear fluid is noted from a
defect in the wound, analysis can be done by looking for Beta 2-Transferrin
within a sample of the leaking fluid. Beta 2-Trasnferrin is a protein found only in
CSF [44]. Less than 1 mL is needed to test for Beta 2-Trasferrin. Via
electrophoresis, one can appreciate 2 bands where one is for Beta 1-Transferrin
and the other for the Beta 2-Transferrin isoform which arises from Beta 1-
Transferrin. This is relative to serum or another body fluid which would only have
a Beta 1-Transferrin band.

Caution must be taken with results interpretation as false positives can occur. In
certain patients with specific genetic variations [45] and/or certain medical
conditions like alcoholism, cirrhosis, rectal cancer, or rare glycoprotein
metabolism disorders [45]. Non-CSF fluid can be mistaken for CSF. To combat
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this, false interpretation can be avoided by simultaneously testing other body
fluids obtained in the same patient for Beta 2-Trasnferrin to ensure they are
different in comparison. Careful attention to clinical history and comparison
patterns of CSF with other body fluids will aid in making an accurate
interpretation in unusual cases.

3. INTRAOPERATIVE MANAGEMENT

When a dural violation is appreciated, the first and foremost effort should be
primary closure to prevent future complications. The goal, though debatable, is to
achieve a “watertight” closure of the dura [46]. This is often difficult, especially for
incidental intraoperative durotomies due to the unique biomechanical properties
of dura mater which can be fragile or if the tear occurred at an inaccessible
location. It is, for this reason, that the ultimate goal should be to contain neural
elements and prevent pseudomeningoceles/cysts or CSF fistulas/leaks.

If a tear is easily accessible, primary repair is generally recommended. If it is not
accessible, then observation, sealants, or CSF diversion maneuvers are used
[47,48]. Since several items exist to bring dura together, ranging from sutures to
synthetic patches/grafts, it is helpful to organize primary repair strategies into 3
categories: sutures, sealants, and patches/grafts [7,49-53]. Currently, no official
consensus exists between which is the most ideal.

3.1 Sutures

Spine surgeons almost universally rely on non-absorbable sutures. The 4 main
suture materials include Nurolon, Prolene, Gore-Text, and Silk.

Nurolon is braided and comprised of long-chain aliphatic polymer of Nylon 6 or
6.6. It has been reported to elicit minimal acute inflammation, maintaining 81%
tensile strength at 1 year and decreasing to 66% at 11 years [54].

Prolene is a monofilament comprised of an isotactic crystalline stereoisomer of
polypropylene, a synthetic linear polyolefin. It does not adhere to tissues and
does not cause an inflammatory reaction. Tensile strength is reportedly
maintained for up to 2 years [55].

Gore-Tex is a microporous monofilament made of expanded
polytetrafluoroethylene (cPTFE). It has a beneficial structure that allows it to have
a needle attached which is the diameter of the thread, thus reducing CSF leak at
suture sites [56,57].

Lastly, silk was routinely used in earlier neurosurgical literature but has been
mentioned less in the past several decades. It is technically non-absorbable but
becomes proteolyzed with time and can be undetectable at a 2-year mark [58].

The literature around suturing techniques is sparse though some do exist. The
conclusions are mixed and make it challenging for one to make a definitive
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statement about what technique is best. One article found that in a small linear
incision, simple interrupted silk suturing was superior to running, running locked,
or interrupted vertical mattress techniques [59]. To that end another paper
studied Prolene and compared simple running to interrupted and found no
change in the difference between CSF leaks [60].

A similar statement can be made about suture type when it comes to selecting
one of the 4 aforementioned non-absorbable sutures. Biomechanical studies with
Gore-Tex found that up to a mean CSF peak pressure of 34 cm H20 can be
observed prior to CSF leakage recognition with its use when compared to
Nurolon which had a mean CSF peak pressure of only 21 cm H20. This same
study found also that it still remained superior when examined across suturing
techniques (running, locked continuously, and interrupted) [61]. In regards to
Prolene, another study showed that in cadaveric specimens it too had a higher
mean pressure threshold when compared to Nurolon [62]. No studies currently
exist giving a direct comparison between Gore-Tex and Prolene.

Ultimately a decision around the best suture or suture technique remains a
challenging one and we advocate for using the material one is most comfortable,
familiar, and has had the most success with in the past as surgeon experience
has been shown to impact outcomes [63].

After completing a primary closure one should test for a persistent CSF leak via a
Valsalva maneuver (VM) where the anesthesiologist increases the intrathoracic
pressure. The VM can be performed simply by switching the ventilator to manual
ventilation, fully closing the adjustable pressure-limiting valve, increasing the
fresh gas flow, and squeezing the breathing circuit bag for 15-20 seconds to
generate the needed VM pressure which is around 40 mmHg intrathoracic
pressure [64]. Its usefulness is more convincing during intraoperative durotomy
repair but one should be mindful that rare complications have been reported,
ranging from stroke and retinopathy to pneumothorax [64]. Clinical judgment
should prevail when deciding to perform a VM.

3.2 Grafts/Patches

If an intraoperative durotomy is not ideal for a primary closure, for example, such
as a far lateral one, or when neural elements become compressed, dural grafts
or patches are useful options. Numerous materials can act as dural substitutes.
Ideally, the goal is to restore the continuity of dura mater to minimize CSF leaks
by mimicking the compliance of dura while being biologically inert [65]. Currently,
the options fall into 4 categories, with those being: autograft, allograft (i.e.
cadaveric dura), xenograft (animal-derived), and synthetic materials. Surgicel is
sometimes used to augment some dural repairs as well.

In the autologous family, the options during spinal surgery typically include fascia
lata, fat tissue, and muscle.
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Some commonly used xenografts or synthetic materials include the following:
Durasis, DuraGaurd/Matrix, Durepair, Alloderm, Preclude, and Neuro-Patch. The
xenografts: DuraGen, DuraMatrix, and Derepair are all type | Collagen matrixes
made from bovine Achilles tendon.

DuraGen has been shown to have 20% more conformability than DuraMatrix
while DuraMatrix has a 50 times lower liquid permeability [66,67]. DuraGen has
the most published data [68] and is widely utilized for dural repair. An interesting
property of DuraGen is its secondary hemostatic capabilities: its porosity allows
platelets and fibroblasts to infiltrate, forming fibrin clots and laying down natural
collagen fibers, which help prevent CSF leakage and initiate dural repair [69].
DuraGen has also been show to completely resorb within 1 year [69]. It is
reported to have no inflammatory response, a 1.9% infection rate, and a 2.1%
leakage rate [70,108].

Durepair is made up of type | and Il collagen and is produced by bovine skin
[71]. Biomechanical studies show it has up to 4 times more tensile strength than
cranial dura mater [72].

Durasis is made from porcine small intestinal submucosa. It manages to keep the
cells' extracellular membrane intact as it is harvested by removing the cells
between the mucosal and muscular layers. Because of this notion, it contains
collagen, bioactive proteins, and cytokines that guide host-tissue remodeling [73].
In 2007 it was demonstrated to have comparable rates of infection, CSF leak,
and meningitis with that of other comparable dural substitutes of that time
[73,108].

DuraGuard is made from bovine pericardium that is cross-linked with
glutaraldehyde. It has been reported to have superior tear resistance and tensile
strength making suturing to it more feasible.

Alloderm is made from human donor skin which contains no cellular tissue but
retains its biochemical and structural components [74]. It has been shown to
become vascularized and integrated with native dura [74]. One study showed a
reoperation rate for CSF leak in Chiari decompression surgery of 2.2% when
compared to DuraGaurd, DuraGen, and Durepair which had a 17.1% rate.

Lastly, Preclude is made of inert polytetrafluoroethylene and elastomeric
fluoropolymer in a 3-layer construct [75] and Neuro-Patch is made of
microporous fleece from polyester urethane that also supports fibroblastic
proliferation [76]. Interestingly in a study looking at postoperative adhesions and
fibrosis-induced spinal cord tethering between Surgicel, Durasis, DuraGen, and
Preclude, it was appreciated that DuraGen caused the least amount of local
inflammation in the subarachnoid and Preclude generated the most [69].

3.3 Sealants

If a VM maneuver reveals a persistent CSF leak after a primary closure and after
a graft/patch is attempted, a sealant can be placed over the area of the leak.
Despite animal studies suggesting sealant alone can withstand high hydrostatic

17



Medicine and Medical Research: New Perspectives Vol. 11
Review of Intraoperative Durotomies in Spinal Surgery and Its Management Strategies with Current
Advances in Treatment

pressures [16,77,78], some remain in situ for only up to 10-14 days [79], thus it
must be supplemental to a patch or graft.

Two types of sealants are commercially available which fall into the category of
either absorbable: synthetic consisting of polyethylene glycol (PEG)-based
polymers or fibrin-based (from allogenic or autogenic fibrinogen in combination
with thrombin and other hemostatic factors) categories. Both can be found in
liquid or patch form.

Subtypes of fibrin-based sealants and liquid glue formulations include Tisseel or
Tissucol, Evicel, and dry patch products, called Tachosil and Tachocomb.
Literature around fibrin-based sealants has been mixed [80]. Their ability to
augment sutures or aid in achieving “watertight” dural closure was found not to
significantly decrease CSF leak when compared to sutures alone [80]. Although
this was a retrospective study with inherent limitations, it is relevant as no
randomized controlled trials exist looking at intraoperative durotomies during
spinal surgery and the use of fibrin-based sealants. An interesting fact about the
make of these agents is that they are technically useful as hemostatic agents as
well.

Tisseel has 2 components: human fibrinogen and aprotinin, and human thrombin
and calcium chloride dihydrate [81]. When mixed via the application tip during
use, a fibrin clot is formed that adheres and provides hemostasis to tissues.

Evicel is made from human plasma and also has 2 components: Biological Active
Component 2 (largely cryoprecipitate) and thrombin.

Subtypes of synthetic PEG-based sealants include DuraSeal Exact and Adherus.
Both work in the form of hydrogels to minimize mass on the spine. DuraSeal, the
predecessor to DuraSeal Exact, was reported to swell once applied [82,83]. In
regards to efficacy, a randomized controlled trial looking at incidental and
intentional spinal durotomies showed no significant difference in CSF leakage or
superficial skin infection rates between the standard of care and DuralSeal Exact
[84]. FDA-approved secondary agent for dural closure in the spine is currently
only applicable for DuralSeal Exact [85]. Regardless of the use of dural sealant,
effective primary closure of the defect is critical to prevent further CSF
extravasation.

If after use of these items proves there to be a residual CSF leak, some authors
describe keeping a subfascial drain that would normally be placed
intraoperatively for a longer period of time but keeping it “off suction” for several
more days until drainage slowed [86].

4. POSTOPERATIVE PSEUDOCYST/PSEUDOMENINGOCELE/CSF
FISTULA/LEAK TREATMENT

4.1 Conservative Therapy

If an intraoperative spinal durotomy could not be closed “watertight” or went
unnoticed and the patient exhibited any of the before-mentioned symptoms,
preventing pseudomeningocele formation/controlling CSF leak relies on
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manipulating differences in subarachnoid and epidural pressure to impede flow
[87]. The literature is mixed on bed rest/Trendelenburg positioning if primary
closure was attempted for a lumbar durotomy. Bed rest is traditionally prescribed
as a standard approach for the management of dural tears [88]. The rationale
behind this approach is that the orthostatic position increases the hydrostatic
pressure of the CSF and consequently may worsen the leakage [89]. Multiple
survey-based studies conducted over the last decade indeed confirm this
preference in the spine surgery community, with up to 89% of surgeons in favor
of prolonged bed rest in this patient population [90-93]. The data supporting this
approach, however, is composed of case series describing patients successfully
treated with prolonged bed rest, without a control group of alternative options
[94]. A recent meta-analysis from 2023 found in patients with incidental
durotomies during spine surgery, who underwent primary closure, early
mobilization may reduce pulmonary complications compared to prolonged bed
rest, without a significant difference between groups in the incidence of CSF leak
or the need for additional surgical durotomy repair [95]. Although prolonged bed
rest is traditionally prescribed following a dural tear, it is not without risks.
Surgeons should use this strategy with caution, given the risk of the
aforementioned postoperative complications [96]. This result was also confirmed
by the one randomized control trial to date that looked at this question in lumbar
surgical patients who had primarily repaired intraoperative durotomies and was
included in the meta-analysis [95].

If a primary closure was not performed because the durotomy was unnoticed,
and the patient is exhibiting symptoms, it is reasonable to try Trendelenburg
positioning/bedrest for a short course of 1 to 3 days in someone with a suspected
lumbar durotomy. Direct pressure at the site of durotomy with a pressure
dressing or brace may counteract egress through the area of least resistance as
well [52]. Interestingly in the cervical spine, Kim et al published a report where a
polycarbonate face mask was able to apply pressure on the cervical wound and
resolve a refractory pesudomeningocele [52]. If the durotomy occurred in the
cervical or thoracic spine, primary closure was not attempted, and the patient is
symptomatic, the elevation of the head of the bed is reasonable for 1 to 3 days.

Inhibiting CSF formation with acetazolamide has been described in a randomized
control trial to stop CSF leak in cranial patients [97] but the literature is limited
regarding its use in spinal patients.

4.2 Non-conservative Therapy

If a CSF leak persists, the patient has a pseudomeningocele/cyst with subjective
symptoms, non-conservative therapies should be discussed which include
epidural blood patch, CSF diversion measures, and re-operation for residual or
previously unnoticed intraoperative durotomy identification and primary closure
attempt/reattempt.

4.3 Epidural Blood Patch

Epidural blood patch (EBP) is a procedure in which the patient’s blood is injected
into the epidural space. It is thought that the blood forms a clot over the dural
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tear, allowing the healing of the dura, as well as raising extradural pressure
relative to the subarachnoid pressure in turn decreasing the efflux CSF gradient
[98]. Limited cases are described stating the efficacy of EBP in resolving
pseudoemingoceles [99]. Skepticism, however, exists among spine surgeons as
no robust large studies have been done [98,100,101].

4.4 CSF Diversion

There is a paucity of literature describing CSF diversion therapy via a
subarachnoid drain, normally placed in the lumbar region, after intraoperative
spinal durotomy, but the benefits and timing are not as clear. In the cases of a
large pseudomeningocele, it has been shown that they are best treated by a
combination of primary closure and implantation of a subarachnoid drain [12]. If
placed, it has shown efficacy at an output rate of 5-10 mL/hr for 3-5 days as a
primary tool or supplement to other measures [102]. Lumbar subarachnoid
drainage has been reported to have a complication rate of up to 44% with
symptoms ranging from headache and nerve root pain to subdural hematoma,
pneumocephalus, and meningitis [103]. These are important to consider when
choosing to use a lumbar subarachnoid drain.

Lastly, there have been reports of a lumbo-peritoneal shunt being used to
successfully treat a pseudomeningocele and CSF fistula/leak [104-108].
However, this should only be a consideration after an attempt at a primary
closure has failed.

5. CONCLUSION

There are many options for the repair of intraoperative durotomies that can be
utilized. latrogenic causes are common, and the goal when identified is to
achieve “watertight” closure of the dura with sutures whenever possible. Dural
sealants and patches/grafts may be used as adjuncts. MRI is the neurodiagnostic
modality of choice for diagnosis. If a durotomy goes unnoticed or a “watertight”
closure cannot be achieved, and the patient becomes symptomatic, several
conservative therapies are available. These include bed rest and head-of-bed
elevation (depending on whether the durotomy is in the cervicothoracic or lumbar
region), pressure dressing, epidural blood patch, and lumbar subarachnoid drain
placement. If these measures fail, re-operation to obtain a primary closure should
be attempted/reattempted. In rare cases, the placement of a ventriculo-peritoneal
or lumbo-peritoneal shunt may be considered.
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ABSTRACT

The new curriculum of Medical Education prescribed by NMC in India differs from
the older one, which was used for many years, by being more learner and patient-
centric, outcome-based, aligned and integrated with an emphasis on skill
development. Ethics, communication and affective domains shall be addressed
explicitly here. Newer additions like foundation courses, early clinical exposure and
self-directed learning are being made [1]. Emphasis is made on making the
curriculum aligned and integrated to provide a holistic approach to the learners.
The curriculum implementation support programme is making tremendous efforts
to inculcate the new curriculum into day-to-day teaching. Hence, a thorough
understanding of alignment and integration by these members is very essential.

Keywords: Integration; CBME; Harden’s ladder.
1. INTRODUCTION

Integration in the context of Competency-Based Medical Education (CBME), the
new curriculum of medical education introduced in India according to Graduate
Medical Regulations 2019, refers to the alignment of competencies of various
subjects across different domains and their incorporation into educational
programs. It is one of the vital components of the CBME curriculum. Integration
involves ensuring that the essential knowledge, skills, and attitudes required for
effective clinical practice are interconnected and complementary within the
curriculum.

Integration means aligning competencies with educational activities, assessments,
and learning outcomes to ensure that Indian Medical Graduates develop a
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comprehensive set of skills necessary for their future roles as physicians of first
contact. It involves connecting various components of education to create a
cohesive learning experience that promotes the acquisition of core competencies
to achieve a holistic approach to patient care which reflects the real world [1].

Professor Ronald M Harden was a renowned medical educationist with an
immense contribution to the field. He was the pioneer of objective structured
clinical examination, spiral curriculum and SPICES model for curriculum planning.
He has also developed new approaches to curriculum planning, teaching and
assessment [2]. He has described the 11 steps in integration, which is called
Harden'’s ladder. Each step of the ladder describes one level of integration. The
lower four levels of the ladder refer to individual discipline (subject) based teaching
and moving up the ladder, the emphasis is on integration across various
disciplines. In the last step of the ladder, the student is expected to take the
responsibility to integrate the components learnt in different disciplines in a given
situation [3,4].

Trans-
disciplinary

nter-
disciplina

Huiti-
disciplina

co-crduadbn

Awareness

fsolation

Fig. 1. Harden’s ladder [5]

Step 1: Isolation

The subjects are taught in isolation without considering what is being taught in
other subjects.
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Example:

1st year disciplines: the topics scheduled-
Department of Anatomy: Cardiovascular system
Department of Physiology: Endocrine system
Department of Biochemistry: Metabolic diseases.

Here, there is no alignment of any topics and no attention is paid to topics covered
in related subjects [1]. The major disadvantage is that the students don’t develop
any relationship between subjects when taught in isolation [5].

Step 2: Awareness

The teaching is again subject-based, but the teacher is aware of what is taught or
being taught in other subjects (6).

Example:

Dept. of Physiology: Physiology of thyroid glands - synthesis, secretion, transport,
physiological actions, regulation and effect of altered (hypo and hyper) secretion
of thyroid hormones. Dept. of Biochemistry - The functions of the thyroid, the tests
that are commonly done in clinical practice to assess the functions thyroid gland,
and abnormalities of thyroid glands.

These topics will be dealt with at different time frames and there is no concurrence.
Here, an overlap of functions and abnormalities of the thyroid gland is obvious. In
awareness, the teacher in one subject is made aware of what is covered in other
subjects in the curriculum. The teacher can take account of what colleagues cover
in other parts of the course when planning teaching, avoiding redundancy and
cross-referring. However, there is no explicit attempt to provide an integrated view
of the subject to the student. Awareness may be through documentation/lecture
notes/handouts that are made available to the teacher. So, during planning, the
teacher may plan to avoid repetitions and stress on other aspects [3,4,5].

Step 3: Harmonization

The faculty from concerned departments consult through informal discussions
between teachers or through curriculum planning committees. This encourages
teachers to adapt their programs so that each course makes an appropriate
contribution to the curriculum and the overall curriculum objectives are more likely
to be achieved [5].

Example:

Dept of Microbiology: Discuss the clinical evolution, etiopathogenesis and the
laboratory diagnosis of malaria.

Dept of Pathology: Define and describe the pathogenesis and pathophysiology of

malaria. Both these topics are taught at different time frames. The staff in the
Department of Pathology make reference to malaria in brief and refresh the
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memory of what is learnt in microbiology during their topic on infections &
infestations. Thus, an explicit connection with topics already learnt in other
subjects is made [4,5].

Step 4: Nesting

The teacher tries to bring in concepts from other subjects within a subject-based
course. It could be the clinical skills/concepts brought into pre and para-clinical
subjects or a basic skill introduced in clinical subjects [1,3,4,5,6].

This concept enriches the teaching in one particular subject.

Example 1:

Dept of Biochemistry: Tests that are commonly done in clinical practice to assess
the functions of the liver.

In the above class, relevance to clinical practice is introduced through - A case of
alcoholic liver disease may be discussed during this class to bring in relevance of
Liver function tests.

Example 2:

Dept of Obstetrics &gynaecology: changes in the genital tract, cardiovascular
system, respiratory, haematology, renal and gastrointestinal system in pregnancy.

In the above class, relevance to basic knowledge/skill is introduced through - A
discussion on normal physiology of the above systems before proceeding to
changes in pregnancy.

Step 5: Temporal Coordination:

The related organ systems or topics/diseases in subjects are scheduled around
the same time. This is done in consultation with other disciplines. Though the
concepts in each subject are learnt separately, the students have a high scope to
relate the concepts and learn [1,3,4,5,6].

Example based on Organ Systems:

Dept of Anatomy: Anatomy of the heart.

Dept of Physiology: Properties of cardiac muscle including its morphology,
electrical, mechanical and metabolic functions.

Dept of Biochemistry: Basis and rationale of biochemical tests in cardiovascular
diseases.
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Example based on Topics/ Diseases:

Dept of Pathology: Etiopathogenesis and pathology of myocardial infarction.
Dept of Pharmacology: Anti-angina drugs.

The topics related to the Cardiovascular system are scheduled at the same time
by different departments in the timetable so that the students can correlate better.

Step 6: Sharing:

Two disciplines come together and share a class so as to avoid repetitions. Such
sharing of classes is effective and efficient in imparting knowledge/skills to the
students [5].

Example:

Dept. of Physiology: Physiology of liver function.
Dept. of Biochemistry: Metabolism of bilirubin.

Since these two topics have many overlapping specific learning objectives (SLOs),
they may be clubbed together and a common consensus arrived at. The SLOs
may be divided among the staff of respective departments depending on the
importance of their subjects. Then the staff in each discipline may come together
and teach in the same class [1,3,4,5].

Step 7: Correlation:

The topics dealt with are subject or discipline-based and they take up most part of
the curriculum time. In a separate session on correlation, only areas of common
interest are brought together [5, 6, 7].

Example:

Dept. of Anatomy: Anatomy of Pancreas (1 hr)
Dept. of Physiology: Physiology of pancreas (1hr)
Dept. of Biochemistry: Biochemical changes by pancreatic hormones (1hr)

Following the above classes, there shall be a separate INTEGRATION CLASS:
Case of Diabetes/diabetic coma/complications — is used as a linker for the
integration class (2 Hrs.) with contributions from all the 3 departments.

In a single session, all three disciplines should come together and stress the
importance of the above topics with regard to diabetes. The facilitators shall avoid
teaching again the topics on the pancreas but stress the role of the pancreas only
in diabetes.

During assessment, questions are more focused on topics covered in individual
subject classes rather than on integration classes [1,4,5].
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Step 8: Complementary

This type of integration is both subject-based as well as integrated. The focus of
teaching is a theme or topic to which the disciplines will contribute [5].
The teaching is subject-based and in individual classes, the focus is on the theme
(not on the subject as in correlation). Running parallel to these individual classes
is an integrated class where each subject teacher shall emphasize the theme so
that the student has a holistic approach to the theme. Individual subjects are given
less importance in terms of time, resources and assessment [1,3,4,5].

Example:
Theme: Diabetes in pregnancy

Subject-based classes are conducted individually in different departments:
Dept. of Obstetrics & gynaecology — incidence, management and complications of
DM in pregnancy (1 hr)

Dept. of Paediatrics: management of neonates born to diabetic mothers (1 hr)
Dept. of Community Medicine: burden of DM in the community. (2 hr)
Dept. of Medicine: recent advances in the treatment of DM (1hr)

Complementary teaching session on the Theme ‘Diabetes in Pregnancy’ (8 hours):
A case of Gestational diabetes is used and various departments discuss the theme
in detail. During assessment, questions are based on integrated sessions rather
than on individual sessions. In contrast to correlation which is subject-based and
each topic is dealt with in detail and a common session brings in the relevance
with a linker, the complementary integration places importance on the theme.

Step 9: Multidisciplinary:

The topic is not dealt subject-based and it transcends subject boundaries. In one
session the staffs from various departments imparts knowledge as much
necessary for the theme. Courses are developed around systems. The scenarios
a professional may have to deal with in real-time may be considered for such
integrations [1,3,4,5,8].

For example: In the thyroid module of the endocrine system block, the
contributions from different departments may be as follows:

Dept. of Physiology: to thyroid hormone synthesis and its regulation,

Dept. of Pathology: to the underlying pathophysiology of the processes,

Dept. of Pharmacology: to the action of anti-thyroid drugs,
Dept. of Surgery: to the management of goitre

Dept. of Medicine: to the clinical manifestations and investigations of thyroid
disease.

With this kind of approach, a student has a good idea of what to expect and how
to go about when cases of thyroid land on his table.
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CMEs where talks are arranged around a particular theme are examples of such
multidisciplinary integration [5].

Example:

Topic of CME: Diabetes.

Dept. of Biochemistry: Regulation of blood glucose

Dept. of Pathology: Pathophysiology of Diabetes

Dept. of Medicine: Management of Diabetes and complications
Dept. of Surgery: Diabetic Foot management

Dept. of OBG: Gestational diabetes

Dept. of Paediatrics: Diabetes in children

Step 10: Interdisciplinary:

It is a study of a phenomenon that involves the use of two or more academic
disciplines simultaneously. This is a higher level of integration where the content
of all or most subjects is combined into a new course. There is no subject
demarcation at this level [3,4,5,6,9].

Example:

Approach to acute abdomen: A case of acute abdomen in middle-aged women is
used as a linker. Departments of Medicine, Surgery and OBG will discuss their
approach towards diagnosis and management of that particular case without any
subject demarcation.

Emergency medicine (initially started as a course, only in the recent past was
started as a degree) where there is no demarcation between the two subjects of
medicine and anaesthesia and is an amalgamation of the above two mentioned
disciplines.

Other examples are courses like geriatric medicine, laboratory medicine etc.
Step 11: Transdisciplinary:

This is the highest level of integration. The emphasis is here on knowledge as
exemplified in the real world. It is the responsibility of the student to integrate all
that is learnt in different disciplines in a comprehensive way when a real-life
situation arises [3,4,5,9,10].

Example:

When an intern sees a case of Ml in an emergency, he integrates his knowledge
of various disciplines:

Dept of Anatomy: anatomy of the heart.

Dept of Biochemistry: Biochemical markers for diagnosis of Ml

Dept of Pathology: pathophysiology and investigations in a case of myocardial
infarction
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Dept of Pharmacology: drugs used in Ml
Dept of Medicine: management of a case of MI.

With this understanding during the various phases, the student should be able to
manage a case of Ml during the internship [5].

Finally, as we climb up Harden’s integration ladder, there is less emphasis given
to individual subjects and more emphasis on achieving the goal of the holistic
approach to medical education.

2. CONCLUSION

Alignment and Integration being an integral part CBME curriculum require a
thorough understanding of different levels of integration for effective
implementation of the new curriculum. Harden's ladder provides a valuable
framework for understanding the stages of integration in medical education and
the progression of learners from novice to expert. The ladder can serve as a guide
for designing curricula and assessment methods that align with the principles of
competency-based learning. It needs more training and clarity in this aspect for all
medical educators, as it requires faculty from across phases to work in
coordination to make it effective and relevant [5]. The curriculum committee has a
huge task to train the faculty in their respective institutes for a smooth
implementation of the program.
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ABSTRACT

Objective: The aim of this study is to evaluate the feasibility of local flaps,
Fasciocutaneous, Muscle & Musculocutaneous flaps, in the management of soft
tissue defects with exposed fracture bone fragments in compound injuries of the
lower extremity as a single-stage procedure (particularly the leg). To lay down
clear and concise guidelines, merits and demerits of this technique for
Orthopaedic surgeons in trauma wards.

Methods: In traumatised lower extremity having a soft tissue defect & an
exposed bone with or without associated fractures. Local flaps provide a reliable
single-stage procedure for coverage of lower extremity soft tissue defects. The
traumatised limb selected in which the wound was found to be preferably in the
upper 1/3", middle 1/39& uppermost part of the lower 1/3 leg due to easy
accessibility & placement of the local flap to these areas. All flaps i.e.
Fasciocutaneous, Musculocutaneous & local muscle flaps were undertaken as a
delayed procedure after careful evaluation of traumatised limb by repeated
dressings, debridement & control of infection. Daily assessment of the wound for
infection, and motor & sensory & vascular status was made.

Definitive wound coverage was done by using a selected technique in a routine
operation at the same time a split-thickness skin graft was applied on muscle
pedicle flap or the defective area created by the transposition of
Fasciocutaneous, Musculocutaneous flap.

Fixation of bone was done before applying the technique.
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Results: Stable wound coverage was achieved in all patients. The excellent
result was obtained in Muscle & Musculocutaneous flaps while the good result
was obtained in 10% of cases of Fasciocutaneous flaps. In a study longest
duration follow-up was 14 months & shortest was 3 months. 20 cases of
traumatised lower extremities (particularly the leg) which required local flap
coverage for soft tissue defects with exposed bone fragments.

Conclusion: Stable coverage can be achieved by flap techniques using
Fasciocutaneous, Muscle or Musculocutaneous flaps. Coverage of exposed
cortical bones, tendons & major vessels & adequate control of infection can be
achieved by Muscle & Musculocutaneous flap in post traumatised limb.
Fasciocutaneous flap (Ponten super flap) is very useful in the repair of soft tissue
defects as it is a much simpler, easy to design & construct large flaps are safe
due to good circulations, require less time without any functional loss, post-
operative management is simple for both patient & staff.

Keywords: Fasciocutaneous flap; muscle flap and musculocutaneous flap;
S.S.G. split skin graft.

1. INTRODUCTION

Rapid industrialization and urbanisation have led to a tremendous increase in the
density of vehicular traffic, which makes automobile accidents an inevitable
event. The majority of patients with polytrauma admitted to Orthopaedic wards,
all over the world, are mainly due to vehicular accidents. Severely
polytraumatised patients of vehicular accidents, almost always have an injured
lower extremity (particularly the leg) which possesses a challenging problem of
management (with regard to morbidity). The problems include large soft tissue
defects along with exposed fractured bone fragments.

Repairing for the soft tissue defects of the hand has been a major challenge of
hand or reconstructive surgery [1,2]. In polytraumatized patients, compound
injuries to the leg constitute a challenging problem. Inadequate soft tissue
coverage of the injured limb is of prime importance otherwise may lead to
necrosis of tendons, exposed bone ends and subsequent infection. Coverage of
soft tissue defects is considered to be the stepping stone towards the
reconstruction of deeper tissue, primarily the bone. Fig. 1. The primary coverage
(direct closure) of the wound of the leg may not be possible as The cylindrical
shape of the extremity limits the amount of tissue for adequate closure and the
circumference of the extremity increases with oedema of trauma, tension
increases in Direct closure and leads to ischaemia of tissue within closed
compartments. The edema limits the elasticity of the skin, primary wound closure
without tension and primary skin coverage of large soft tissue defects of exposed
bones is the essence of treatment [3]. These are the two basic objectives of
wound treatment in the compound injury of the leg. Infection of deeper tissues
and bones is a dreadful complication which prolongs the hospital stay and
thereby increases the cost of treatment [4].
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Fig. 1. Reconstructive ladder

In such conditions, appropriate and adequate stable skin cover is provided at the
earliest to minimise the period of recovery and hospital stay. A few techniques of
primary wound closure are available:

1. Split thickness graft (SSG) will not be accepted at the avascular exposed
surface, i.e. bare bones tendons, across open joints.

2. Prolonged and protracted plastic reconstructive surgery in the form of a
distant full-thickness flap is not a procedure of choice.

The local flaps in the form of Muscle, Musculocutaneous and Fasciocutaneous
flaps are valuable techniques that have profoundly changed the contemporary
practice of reconstructive surgery as major advancement by providing excellent
single-stage coverage of soft tissue defect, with exposed bones and
neurovascular structure [3]. The donor area is grafted with S.S.G. With more
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familiarity with the anatomy of extremity Orthopaedic surgeon is in a better
position to reconstruct the soft tissue defect, hence decreasing the dependency

on plastic surgeons.

Table 1. Asthetic and functional consideration of Muscle flap and

Musculocutaneous flap[5]

TYPE

l

Consideration

Asthetic
Flap

Donar defect

Flap atrophy

Functional
Sensibility
Pliability

Size

v
Muscle flap and skin graft

Good to fair

Excellent

Muscle will atrophy

Fair

Limited to size of muscle

2. MATERIALS AND METHODS

}

Musculocutaneous flap

Excellent to fair
Excellent to poor

Subcutaneous fat will not

Atrophy

Yes
Excellent

May be extended beyond

muscle

The present study included 20 cases of traumatised lower extremity having a soft
tissue defect and an exposed bone with or without associated fractures. The

study was conducted from January 1989 to August 1990.

Most of the cases having a compound fracture of the leg with soft tissue defects
in the upper 1/39, and middle 1/3 leg and the uppermost part of the lower 1/3™
of the leg were included in this study [3]. Evaluation of the traumatised limb for
the presence of neurovascular complications and associated fractures was done.
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Debridement of the wound and stabilization of fracture was done before.
Assessment of the wound for infection, motor sensory and vascular status was
done till the wound became healthy. The study was conducted with admitted
patients, in the Department of Orthopaedics Hamidia Hospital Bhopal, proper
consents were taken before the surgery.

Definitive wound coverage was done as the delayed procedure by using a
selected technique and at the same time split-thickness skin graft was applied on
the muscle pedicle flap or on the raw area created by the transposition of the flap

(3.
2.1 Procedure

The ideal flap for wound coverage was selected on the basis of the anatomical
location of the traumatised zone and the availability of expendable Muscle,
Musculocutaneous or Fasciocutaneous flap of suitable vascular anatomy in the
adjacent healthy zone.

Fig. 2. Case 1 (i)- Preoperative — Soft tissue defect with Exposed bone of
the leg (Tibia)

Fig. 3. Case 1 (ii) — Soft tissue defect with Exposed bone of the leg (Tibia)-
Preoperative Planning (Marking)
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With all aseptic precautions under the tourniquet, the wound was prepared by
excising all dead tissue and scarred margins. Fixation of bone was done before
applying the technique either by external/Internal fixation or by pin traction and
plaster cast application [3].

Fig. 5. Case 1 (iv) —Raised facio- cutaneous flap transposed to the defect
raw donor area is visible.

Fig. 6. Case 1 (v) Donar area grafted with split-thickness skin graft
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Fig. 7. Case 1 (vi)- Fascio-cutaneous flap taken up appearance after six
months

Fig. 8. Case 2 (i) — Soft tissue defect with exposed bone ends
2.2 Fasciocutaneous Flap

The Fasciocutaneous flaps (‘Ponten Super Flap’). The Fasciocutaneous flap was
dissected along with skin subcutaneous tissue and deep fascia. The flap was
transposed over the wound and stitched with the margin of the wound without
tension. The width of the distal portion of the flap should be more than the width
of the wound and the base of the flap should be widened at least 3 times that of
the distal end. The donor area is grafted with SSG (Figs. 1 to 6) [3].
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Fig. 9. Case 2 (ii) Soleus muscle flap raised

Fig. 10. Case 2 (iii)- Muscle graft taken up after six weeks.

2.3 Muscle Flap
In this series transposition of soleus muscle was done as described by Ger R.

In this study, the Soleus muscle was used as a muscle flap. The dissection was
dependent and cleavage was always made between the Soleus and
Gastrocnemius (the muscle which is easily identified by the Plantaris tendon).
The Soleus muscle was cut from its lower end where its tendinous portion
merged with the Gastrocnemeus tendon sheath. The tendinous portion was
removed and the Soleus portion was fanned out so that the whole of the bony
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and soft tissue raw area was covered by Soleus. The muscle margins were
stitched. The raw surface of the muscle was skin-grafted (SSG) immediately
(Figs. 7 to 10).

Fig. 11. Case 3 Soleus Muscle transposed with thiersch graft coverage,
after nine-month

2.4 Musculocutaneous Flap

In the case of musculocutaneous flaps, one head of Gastrocnemeous was used.
Skin incision deepened in all directions except proximally near the base and one
head of Gastrocnemeous was separated along with fascia, deep fascia
subcutaneous tissue as well as skin and whole unit transposed to the prepared
wound area. Donor area grafted with SSG. 9 Fasciocutaneous flaps, 7 Muscle
flaps (4 Soleus & 1 Tibiatis anterior) and 4 Musculocutaneous flaps (medial head
of Gastrochemeous) were used.

In all cases along with antibiotics, anti-inflammatory and vasodilates were given
for 5 days post-operatively.

The first post-operative inspection was done after 48 hrs for colour discharge
from stitches and position of grafted skin and the wound was inspected every 5%
day till the stitches were removed [3].

3. RESULTS

The present study includes 20 cases. Most of the patients were in the age group
of 18 to 42 years. There were only 2 females [3].
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The study includes twenty cases of traumatised lower extremities (particularly the
leg) which required local flap coverage for soft tissue defects with exposed
fractured bone fragments.

Most of the patients were male in the age group of 18 to 42 years. There were
only two females Maximum number of flap coverage was done in the middle 1/3™
of leg [3].

The excellent result was obtained in Muscle & Myocutaneous & Fasciocutaneous
flaps, while the good result was obtained in 10% of cases.

3.1 Fasciocutaneous Flap
Fasciocutaneous flap was done in 45% of cases in this series.

The result was found to be excellent in 77% of FCF while good in 22%. Minor
infection was noted in 2 cases out of which one had inadequate flap cover which
was successfully healed by granulation tissue.

3.3 Muscle Flap

An excellent result was found in the Muscle flap. Soleus muscle was used in six
cases and Ant. The tibial muscle is used in one phase. The functional loss due to
muscle transposition was found in one case and loss of skin graft was noted in
one case which was regrafted.

3.3 Musculocutaneous Flap

An excellent result was found in the Myocutaneous flap, 4 Gastrocnemius muscle
medial head was used. Mild marginal infection was noted which was healed by
regular dressing.

4. DISCUSSION

Appropriate management of compound injuries of the lower extremity leads to
the vicious cycle described by Converc (Fig.1). The proper approach should be
to get a well-vascularised soft tissue cover in place as soon as possible. This
concept demands an aggressive initial debridement followed by aggressive
wound care (Biological dressings). The timing of bone coverage must be
carefully determined and must be based on sound clinical judgement. One
cannot make a general statement that all compound wounds should or should
not have immediate coverage with flaps [3]. Each case must be carefully
assessed in terms of the specific tissue needed and the amount of wound
contamination present. Within this framework, the appropriate timing of the
coverage can be best determined 3 [6].
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Local flaps provide a reliable single-stage procedure for the coverage of lower
extremity soft tissue defects. Distant flaps provide good coverage but these
procedures are long drawn out and tedious [3].

Most of the patients 55% belong to the age group of 21-30 years, of these 90%
were male (Table 2). A. Yadav et al. [7] described 61% in the 21-30 years age
group and 92% were male. G.Patrix Maxwell et al. [6] reported all 100% male in
77% 21-30 age groups. B.Ponten male predominance in 90% of cases of
average age of 42 years [8].

These injuries are more common in the younger age group, which was perhaps
due to a more vigorous lifestyle, particularly in males [3].

In all cases site of injury was the crural region (Table 3) shows the different
anatomical sites of injury in this series. 30% of cases reported in upper 1/3%,
40% in middle 1/3" and 30% cases in lower 1/3™ of leg. While in A.Yadav et al
showed 30% in the upper 1/3, 46% in the middle 1/3" and 23% in the lower
1/3" of the leg.

In this series, transposition of all flaps was undertaken as a delayed procedure
after repeated dressings, debridement and controlling of infection. A.Yadav et al
[7] also delayed the procedure till the wound became healthy. G.Patrix Maxwell
[6] delayed the procedure till the control of infection, Mathes and Vasconez, [5]
delayed the procedure for 5 to 7 days. Ger R. suggested the use of Muscle flaps
for the immediate repair of traumatic defects [9,3].

The muscle used for achieving soft tissue coverage depends on the anatomical
site of the lesion [4]. The Gastrocnemius muscle flap is the flap of choice in the
proximal 1/3® of the leg and was used as myocutaneous flap in 4 cases [10]
(Table 4). Ger. R [9] and G.Patrix Maxwell et al.[6] use the medial head of the
Gastrocnemeous myocutaneous flap in compound fracture 1/3™ upper
successfully in 3 cases [6].

Fitzgerald et al. [11] used and Gastrocnemeous Muscle flap in the treatment of
chronic osteomyelitis. The result was satisfactory. A.Yadav used 3
Gastrocnemeous Muscles for the upper 1/3 leg and 3 soleus Muscle flaps for
the middle 1/3[3].

The Soleus muscle is the most useful for covering soft tissue defects in the
middle 1/3" of the leg as suggested [12] by Mathes & Nahal [5], (1982), Swertz &
Jones [12]. The second choice for coverage of soft tissue defect in the middle
1/3 of the leg is the medial head of Gastrocnemius. In this series, 5 flaps of
Soleus Muscle were used in the middle 1/37. A total of 6 soleus muscle flaps
were used (Table 6) [3]. Fitzgerald et al. 1985 used 18 soleus muscles in the
treatment of osteomyelitis with excellent results [11].

The tibialis anterior muscle can be used with functional preservation [13,14] to
cover the upper 2/3™ of the outer surface of the tibia. It was used in one case in
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the middle1/3™ of the leg in this series (Table 6). A.Yadav [7] successfully
applied the tibialis anterior muscle in one case [7].

The Fasciocutaneous super flap [15] described that this flap can be used from
the level of the knee down to the foot. He successfully used these flaps in the
proximal middle, a lower 1/3™ of the leg [3]. He describes soft tissue defect of the
lower 1/3" of the leg as a difficult area for coverage by muscle and usually it was
covered by distant flaps but the disadvantage of this is well known. Ponten [15],
described Fasciocutaneous flap as very useful for soft tissue defects of the lower
leg. The Soleus muscle can be used to cover the distal tibia [15], Mathes & Nahal
[5] and it was used in one case in this series for lower 1/3™ defect.

The lower 1/3 of the leg is a difficult area for coverage by Muscle flap and
usually requires coverage by the distant flap.

In this series, 5 cases of lower 1/3 soft tissue defect were covered by
Fasciocutaneous flaps (Table 5) [3]. There is no problem in designing a flap
measuring 18 x 8 cm. It is very easy to design and construct large flaps that are
safe because of good circulation. Operation time is short for an experienced
surgeon. Post-operative treatment is simple for both the patient and staff [15].
Barclay confirmed the reliability of Ponten’s Fasciocutaneous or ‘super flap’ in the
management of lower leg injury. The result of the super flap was very
satisfactory. In this series, 16 cases healed primarily and in two cases, there was
marginal distal skin loss. He described the damage as superficial [16] [3].

In the present series, two cases of distal marginal necrosis of the terminal 2 cm
of Fasciocutaneous flap were noted, probably due to excessive tension in the
terminal part of the flap. This portion was re-grafted with SSG after 5 to 7 days
while in another case gap was filled up by granulation tissue. Vascones et al.
(1974) showed that excessive tension on the flap was found to be one of the
causes of flap failure. In this series, results were found to be very satisfactory as
in all cases the flaps healed. The advantage of Fasciocutaneous flap is obvious.

The Fasciocutaneous manoeuvre should always be considered when one is
faced with the problem of covering a soft tissue defect on the lower leg [3].

In the presence of infection use of a Muscle or Musculocutaneous flap has
certain advantages over Fasciocutaneous and random cutaneous flaps [17,18].
Post-traumatic infection results were satisfactory as in all cases infections were
controlled. The role of Muscle flap in the treatment of chronic Osteomyelitis has
been emphasised by Stark (1946), Chang & Mathes [17], Fitzgerald et al.[11]
indifferent series. They demonstrated that muscle provided greater oxygen
delivery in cellular and non-cellular environments at the site of infection and
increase of concentration of antibiotics in a fibrotic cavity in an experimental
animal [18], Russell & Graham [3].

In almost all cases fracture was present. These fractures were stabilised i.e. by
nail, external fixator or Pin traction and plaster application. A. Yadav [7] used an
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external fixator and plaster application. G.Patrix and Maxwell et al. used
Hoffman’s double frame external fixation system. He showed that Hydrotherapy,
biological dressing’s skin grafting and flap coverage have been made easier by

its use [6].

In 8 cases there was flaring of the infection (Table 8) necessitating prolonged use
of a suction drain system & daily dressing till complete healing was achieved [3].
Delayed loss in split skin graft was noted and a second skin grafting procedure

was done.
Table 2. Age and sex distribution of patients
Sl. No. Agein years Male Female
1. 11-20 1 --
2. 21-30 10 1
3. 31-40 5 1
4. 41 & above 2 --
Total 18 2

Table 3. Anatomical area in the leg where flap was used

Sl. No. Site No. of cases  Flaps used

1. Upper 1/3 of leg 6 Musculocutaneous flap
Fasciocutaneous flap

2. Middle 1/3@ofleg 8 Muscle flap
Fasciocutaneous flap

3. Lower 1/3" of leg 6 Fasciocutaneous flap

Total 20

Table 4. Flaps used for coverage of soft tissue defects with exposed bone

fragments
Sl. No. Flap Used No. Of Cases
1. Musculocutaneous flap 4
2. Muscle flap with a split skin 7
graft
3. Fasciocutaneous flap 9
Total 20

Table 5. Fasciocutaneous flaps are used in anatomical areas of the leg

Sl. No. Anatomical Area No. of cases
1. Upper 1/3 of leg 2
2. Middle 1/3™ of leg 2
3. Lower 1/3' of leg (upper part) 5
Total 9
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Kojima, Kohno et al. [19] pointed out the disadvantage of primary grafting that
oozing from the Muscle flap interferes with grafted skin leading to necrosis & may
require regrafting. Fitzgerald et al. [20] used SSG after 48 hrs.

Functional loss due to muscle transposition was reported in one case of the
Soleus muscle. Tobin used a Hemi soleus flap either proximately based or
distally (reversed) transfer. It prevents plantar flexion power by Hemi soleus belly
left in situ. In this series functional loss was little & Gastrochemius muscle
overcame the function of Soleus [21] [3].

Table 6. Muscle used in local flap

Sl. No. Muscle Used No. of cases
1. Gastrocnemius Medial Head 4

2. Soleus 6

3. Anterior Tibial 1

Total 11

Table 7. Technique used for stabilization of fractures

Sl. No. Methods No. of cases
1. Pin Traction & Plaster Application 13

2. Internal Fixation 6

3. External Fixation 1

Total 20

Table 8. Post-operative complications

Sl. No. Type of Complications No. of Cases

1. Infection 8

2. Necrosis of Fasciocutaneous flap at the distal 2

edge

3. Inadequate flap coverage 1

4, Functional loss due to muscle-transposed 1

5. Loss of split skin graft 1

Total 13

Table 9. Results obtained in flap study

Sl. No. Flap Used No. of Cases Results

1. Fasciocutaneous 9 (7 cases) Excellent
(2 cases) Good

2. Muscle Flap 7 Excellent

3 Musculocutaneous 4 Excellent

Total 20

In this study, stable wound coverage was achieved in all patients, the longest
duration of follow-up was 14 months and the shortest 4 months. A. Yadav [7]
showed longest follow-up of 10 months and the shortest 4 months [3].
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1. High rate of success (98%) was due to:

e  Proper selection of cases

e  Proper selection of extendable muscle &

e Proper planning of flaps, better knowledge of the vascular pattern of
muscle and skin and meticulous aseptic technique used.

Early physiotherapy is of immense help in preventing functional loss by
strengthening synergistic muscles. Adequate aggressive debridement, fixation of
the fracture, and proper positioning of limbs to prevent pressure on the flap or
pedicle were of profound importance for the success of flaps in this study [3].

Although the present study comprises only a small number of patients, the
Fasciocutameous, Muscle and Musculocutaneous flaps provided a single-stage
procedure for coverage of the soft tissue defects of the traumatised leg. Stable
wound coverage was possible with control of infection and soft tissue coverage
was possible in those cases where bone, tendon or major neurovascular
structure were exposed. The results found in this study are in agreement with
several other studies [8,16,6], Bent Barford et al., (1970) [22] and Stephen S.
Orrapin S, Rekasem K.[23] and A. Yadav et al. [7].

5. CONCLUSION

1. The most common site of soft tissue defect in the lower extremity is the
leg. Single-stage stable wound coverage to exposed cortical bone,
tendons and major vessels could be achieved by using the
Fasciocutaneous, Muscle or Musculocutaneous flaps technique.

2. Fasciocutaneous flap manoeuvre should always be considered when
facing difficulty in covering the soft tissue defect on the lower leg. This flap
is simpler, easy to design and can construct large flaps, that are safe
because of good circulation. These flaps (Fasciocutaneous) require less
time and involve less risk to the patient without any functional loss. Ponten
called them “Super Flap” and can be used from knee to leg. Post-
operative management is simple for both the patient and the staff.

3. Adequate control of infection was achieved by using Muscle and
Musculocutaneous flaps [3].

4. Fixation of bony fragments provided easy access to the wound by
providing stability.

5.  No functional deficit was noted in cases where complete reconstructions
of limbs were possible during the study period. The total period of hospital
stay of the patient was reduced [3].

6. Local flap technique was found to be the best procedure for single-stage
stable coverage of soft tissue defect in compound injuries of the leg by
Orthopaedic surgeons in trauma ward as:-

a) Itreduces the hospital stay and expenses.

b) Cumbersome time-consuming plastic and micro-surgical procedure can be
avoided. Hence increasing the dependency on plastic and reconstructive
micro-surgeon.
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ABSTRACT

Aims: This chapter aims to provide a comprehensive overview of the anatomy,
physiology, and histology of the cervix and anal canal in women. It further
explores the role of the Human Papilloma Virus (HPV) in the pathogenesis of
cervical and anal carcinogenesis, emphasizing the epidemiology, oncogenic
mechanisms, and associated lesions.

Study Design: The chapter is structured as a detailed review of current
literature, integrating anatomical, physiological, and pathological aspects with
epidemiological data on HPV-related cancers. Key areas include the anatomy
and histology of the cervix and anal canal, HPV virology, the epidemiology of
HPV-related cancers, and the mechanisms of HPV-induced oncogenesis.

Place and Duration of Study: The literature review covers studies published
globally, focusing on research from the last two decades, with particular attention
to studies from 2000 to 2024.

Results: The findings highlight the significant impact of HPV on cervical and anal
cancer development. The chapter outlines the progression from HPV infection to
carcinogenesis, identifying the critical role of specific HPV strains. It also
discusses the screening and vaccination strategies currently in place to prevent
HPV-related lesions and their effectiveness in reducing cancer incidence.
Conclusion: HPV plays a central role in the development of cervical and anal
cancers in women. Understanding the anatomical and physiological aspects of
the cervix and anal canal, along with the pathophysiology of HPV, is crucial for
developing effective prevention and treatment strategies. The chapter concludes
with recommendations for improving screening and vaccination programs to
reduce the burden of HPV-related cancers.
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DEFINITIONS, ACRONYMS, ABBREVIATIONS

Definitions:

Human Papillomavirus (HPV): A group of more than 200 related
viruses, some of which cause genital warts or cancer.

Cervical Intraepithelial Neoplasia (CIN): A term used to describe
abnormal changes in the cells on the surface of the cervix that could
potentially lead to cervical cancer.

Pap Smear (Papanicolaou Test): A screening procedure for cervical
cancer that tests for the presence of precancerous or cancerous cells
on the cervix.

Colposcopy: A procedure to closely examine the cervix, vagina, and
vulva for signs of disease.

Ablation: A medical procedure that involves removing or destroying
tissue.

Acronyms:

HPV: Human Papillomavirus

CIN: Cervical Intraepithelial Neoplasia

AIS: Adenocarcinoma In Situ

LSIL: Low-Grade Squamous Intraepithelial Lesion

HSIL: High-Grade Squamous Intraepithelial Lesion

ACOG: American College of Obstetricians and Gynecologists
ASCCP: American Society for Colposcopy and Cervical Pathology
WHO: World Health Organization

FDA: Food and Drug Administration

HGAIN: High-Grade Anal Intraepithelial Neoplasia

AIN: Anal Intraepithelial Neoplasia

Abbreviations:

Ca: Cancer

DNA: Deoxyribonucleic Acid

HIV: Human Immunodeficiency Virus

VIA: Visual Inspection with Acetic Acid

pRB: Retinoblastoma Protein

p53: Tumor Protein 53 (a tumor suppressor protein)

MHC: Major Histocompatibility Complex

E6/E7: Oncogenes from HPV involved in the progression to cancer
nAbs: Neutralizing Antibodies
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1. INTRODUCTION

Human Papillomavirus (HPV) is a pervasive DNA virus recognized for its crucial
role in the development of various anogenital cancers, particularly cervical and
anal cancers in women. Comprising over 400 distinct tissue-specific types, HPV
exhibits unique genomic structures that facilitate its ability to infect diverse
epithelial tissues [1]. The virus’s capacity for persistent infection, especially with
high-risk oncogenic types, is a primary factor in the progression from benign
lesions to malignant transformations [2].

The cervix and anal canal are anatomically and histologically distinct yet share
similarities in their epithelial structures, making them susceptible to HPV
infections. The cervix, a vital component of the female reproductive system,
consists of the ectocervix and endocervix, each with distinct histological
characteristics [3]. The anal canal, part of the lower gastrointestinal tract, is lined
with stratified squamous epithelium, similar to the ectocervix, which contributes to
its susceptibility to HPV-related lesions [4].

HPV's role in the pathogenesis of cervical and anal cancers involves several
mechanisms. Upon infection, the viral DNA can integrate into the host genome,
leading to the expression of oncoproteins E6 and E7, which interfere with tumor
suppressor proteins p53 and Rb, respectively. This interference disrupts cell
cycle regulation, promoting uncontrolled cellular proliferation and ultimately
carcinogenesis [5]. Among the numerous HPV types, HPV16 and HPV18 are the
most oncogenic, responsible for approximately 70% of cervical cancers and a
significant proportion of anal cancers [6].

Epidemiologically, HPV is implicated in approximately 5% of all cancers globally,
with over 700,000 new HPV-related cancer cases diagnosed annually and
around 400,000 resulting in mortality [7]. The prevalence and impact of HPV-
related cancers are influenced by factors such as socioeconomic status, access
to healthcare, and the implementation of preventive measures like vaccination
and screening programs [8]. In regions with robust screening and vaccination
initiatives, the incidence of cervical cancer has declined, highlighting the
effectiveness of these public health strategies [9]. However, the burden of anal
cancer remains a concern, necessitating similar preventive approaches [10].

Screening and vaccination are pivotal in reducing the incidence and mortality
associated with HPV-related cancers. Cervical cancer screening through Pap
smears and HPV testing has been instrumental in early detection and prevention
[11]. Vaccination against high-risk HPV types has shown significant efficacy in
preventing infections and subsequent malignancies [12]. Extending screening
programs to include anal cancer, particularly in high-risk populations, could
further mitigate the burden of HPV-related diseases [13].

In conclusion, HPV plays a central role in the development of cervical and anal

cancers in women. A comprehensive understanding of the anatomy, physiology,
and histology of the cervix and anal canal, combined with insights into the
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pathophysiology of HPV, is essential for developing effective prevention and
treatment strategies. Enhancing screening and vaccination programs globally is
critical to reducing the incidence and mortality of HPV-related cancers.

This chapter aims to provide a comprehensive overview of the anatomy,
physiology, and histology of the cervix and anal canal in women, as well as
explore the critical role of HPV in the pathogenesis of cervical and anal
carcinogenesis. By integrating current literature on anatomical, physiological, and
pathological aspects with epidemiological data on HPV-related cancers, this
chapter seeks to enhance the understanding of these cancers' development and
progression.

Understanding the intricate relationship between HPV infection and the
anogenital system is crucial for developing targeted prevention and treatment
strategies. With the increasing burden of HPV-related cancers worldwide,
especially in regions with limited access to healthcare resources, this chapter
underscores the importance of expanding and improving screening and
vaccination programs. By highlighting the significant impact of HPV on women's
health, this chapter advocates for stronger public health measures to reduce the
global incidence and mortality associated with these cancers.

2. ANOGENITAL SYSTEM IN WOMEN
2.1 Anatomy, Physiology, and Histology of the Cervix

The cervix is the fibromuscular lower part of the uterus. It acts as a canal
between the endometrial cavity proximally and the vagina distally. It is 3-4 cm in
length and 2.5 cm in diameter. The part of the cervix that remains in the vagina is
called the ectocervix. It has a convex, smooth surface and a round or horizontally
slit-shaped entry point called the external os. The external os is observed during
speculum examination. This entry point continues as the endocervical canal. The
endocervical canal is 2-3 cm long and proximally opens into the endometrial
cavity through the internal os [7]. The anatomy of the cervix is shown in Fig. 1.
The junction where the vaginal wall meets the cervix is called the portio vaginalis
(the portion remaining within the vagina), while the upper two-thirds of the cervix
is referred to as the portio supravaginalis. The portio supravaginalis has two
surfaces, anterior and posterior, and two lateral borders. The anterior surface is
adjacent to the posterior surface of the bladder, with fibrous connective tissue
between them. The posterior surface contains muscle fibers that extend toward
the sacrum and rectum. The portio supravaginalis is adjacent to the ureters at a
distance of 1.5 cm from the lateral borders. It is supported laterally by the
cardinal ligament and posteriorly by the uterosacral ligament [8].
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Cervix Anatomy

Endocervical
canal

Endocervix—

Ectocervix—

Fig. 1. Anatomy of the cervix [9]

The size and shape of the cervix vary depending on factors such as age, parity,
and hormonal status. In women who have given birth, the cervix appears larger,
and the external os is wide and transversely slit. In nulliparous women, it is
typically circular. The vascular network, lymphatics, and nerves converge within
the cervical stroma. The cervix receives its blood supply from the cervical and
vaginal branches of the uterine artery, which originates from the internal iliac
artery. These branches descend from the lateral sides of the cervix at the 3 and 9
o'clock positions. The uterine artery crosses the ureter within the parametrium
and extends approximately 2 cm anterior to the cervix. Veins accompany the
arteries and drain into the hypogastric plexus. Lymphatic drainage flows to the
common iliac, internal iliac, external iliac, parametrial, and obturator lymph
nodes. The cervix is innervated by the hypogastric nerve. While the endocervix
has a dense network of nerve endings, the ectocervix does not, making
procedures like biopsies, coagulation, and cryotherapy in the ectocervix relatively
well-tolerated in terms of pain. Due to potential trauma during childbirth, the
endocervical canal may exhibit reduced responsiveness in women who have
given birth. The presence of abundant sympathetic and parasympathetic nerve
fibers in the endocervical canal can lead to vasovagal reactions during
procedures such as dilation and curettage.

The cervix functions as the connection between the vagina and the endometrium.
During fertilization, sperm passes through the cervix, facilitated by clear cervical
mucus that enhances sperm motility. Cervical mucus undergoes hormone-
dependent changes, with estrogen levels rising from the 8th day of the menstrual
cycle until ovulation. This increase in estrogen leads to an increase in cervical
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mucus production and a decrease in its viscosity, facilitating sperm passage
through the cervix. After ovulation, the fluidity of cervical mucus decreases. The
external os, where the cervix connects with the vagina, slightly opens to allow
menstrual blood to flow.

The lower genital tract develops embryologically from the fusion of the Millerian
ducts during intrauterine weeks 6-7, eventually merging with the urogenital sinus
via invagination. The cervix and vagina, which originate from the Mullerian ducts,
are lined with columnar epithelium. Around intrauterine week 16, the columnar
epithelium of the vagina and cervix begins to undergo squamous metaplasia,
transitioning into squamous epithelium. The squamocolumnar junction formed
during this process is referred to as the original squamocolumnar junction. After
puberty and during the reproductive years, under the influence of estrogen, the
cervix swells, enlarges, and extends into the endocervical canal, a condition
known as ectropion. Squamous metaplasia occurs in response to external stimuli
such as trauma, hormonal changes, pH alterations, and vaginal infections. The
newly formed boundary is referred to as the physiological squamocolumnar
junction. The majority of the cervix and the entirety of the vagina are lined with
stratified squamous epithelium. This tissue stains with Lugol's iodine due to its
glycogen content and appears smooth and slightly pink to the naked eye. During
pregnancy, increased vascularization causes the epithelium to take on a bluish
hue. The basal layer of the squamous epithelium contains large, dark-staining
nuclei, with minimal cytoplasm, and is attached to the basement membrane. The
stratified squamous epithelium consists of four layers: superficial, intermediate,
parabasal, and basal. HPV can infect cells within these layers as it progresses
through the infection cycle:

e Basal Layer: The lowest layer, responsible for active mitosis and
epithelial regeneration. The other layers form as the basal layer
differentiates. This is the entry point for HPV infection. The cells in this
layer are characterized by large nuclei and minimal cytoplasm, arranged
in a single columnar pattern.

e Parabasal Layer: Cells in this layer have large nuclei and are arranged
in multiple layers of polyhedral cells. This layer contains keratin filaments.

e Intermediate Layer: Composed of cells with smaller nuclei and
abundant cytoplasm, in contrast to the basal layer.

e Superficial Layer: This layer contains cells with a large glycogen-filled
cytoplasm and small nuclei, arranged in 7-8 layers of squamous cells.
These cells are observed during the evaluation of Pap smears.

The endocervical canal is lined with columnar epithelium, characterized by a
single layer of tall cells with dark-staining nuclei near the basement membrane.
Due to its single-layer structure, the columnar epithelium has a lower height
compared to the stratified squamous epithelium of the cervix. During visual
examination, it may appear thin and reddish. The columnar epithelium does not
form a flat surface in the endocervical canal but rather creates folds and
projections into the canal lumen, forming invaginations into the cervical stroma
that give rise to endocervical glands. Localized overgrowth of these structures
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can result in the formation of cervical polyps. The area where the stratified
squamous epithelium meets the single-layer columnar epithelium is known as the
squamocolumnar junction. The location of this junction can change in response
to external stimuli [11].

2.2 Anatomy, Physiology, and Histology of the Anal Canal

The anal canal is 2.5-3.5 cm in length and constitutes the terminal portion of the
bowel. It begins at the point where the rectal ampulla narrows and ends at the
anus. The canal is surrounded by the internal and external anal sphincters. The
internal anal sphincter surrounds the upper two-thirds of the anal canal and
remains contracted to prevent incontinence. It temporarily relaxes when the
rectal ampulla expands due to feces or gas. For the discharge of gas or feces,
the voluntary contraction of the external anal sphincter and the puborectalis
muscle is required. The anal canal is encircled by a ring of thickened circular
muscle fibers, which are a continuation of the rectum's circular smooth muscle
layer, forming the internal anal sphincter. The lower end is surrounded by
bundles of striated muscle, forming the external anal sphincter. The external anal
sphincter terminates below the internal anal sphincter. The palpable space
between them is called the intersphincteric groove, which indicates the distal part
of the anal canal.

In the anal canal, the squamocolumnar junction is located at the proximal part of
the canal, where the columnar epithelium of the rectum transitions into the
squamous epithelium of the anus. Anal intraepithelial neoplasias and HPV
infections occur in the anal transformation zone, which is the junction between
the rectal columnar epithelium and the anal squamous epithelium. This transition
zone shows similarities to the cervix in this respect [12]. The anal transformation
zone extends from the squamocolumnar junction proximally to the level of the
pectinate line distally.

The upper boundary of the anal valves is embryologically derived from the
hindgut, while the lower boundary is derived from the proctodeum. At the junction
of these two areas, the anorectal junction's mucosa transforms into stratified
squamous epithelium, referred to as the pectinate line. The pectinate line
appears as an irregular line within the internal portion of the anal canal, formed
by the anal valves, and it divides the anal canal into proximal and distal sections.
The proximal and distal parts differ in arterial supply, neural innervation, and
lymphatic drainage. The areas above the pectinate line are supplied by the
superior and middle rectal arteries, while the area below the pectinate line is
supplied by two inferior rectal arteries. Venous drainage is provided by a venous
plexus located in the submucosa. This plexus can become dilated in conditions
with increased intra-abdominal pressure (e.g., pregnancy, pelvic masses, chronic
constipation, ascites), leading to symptomatic presentations such as rectal
bleeding or painful hemorrhoids. Above the pectinate line, visceral innervation is
supplied by the inferior hypogastric plexus.
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Sympathetic fibers are responsible for maintaining the tone of the internal anal
sphincter. Parasympathetic fibers inhibit the tone of the internal anal sphincter
and trigger the peristaltic contractions necessary for fecal discharge. The anal
canal above the pectinate line is only sensitive to stretching. Below the pectinate
line, somatic innervation is provided by the inferior rectal nerves, branches of the
pudendal nerve. This part of the anal canal is sensitive to pain, touch, and
temperature. Fecal continence is primarily maintained by the puborectalis muscle
and the internal-external sphincters. The puborectalis muscle surrounds the anal
hiatus within the pelvic diaphragm and forms a hammock-like structure behind
the rectum. The external anal sphincter encircles the terminal anal canal below
the level of the levator ani. Increasing evidence today supports the importance of
both the external sphincter and the levator ani muscle in fecal continence and
demonstrates that various traumas can lead to pelvic floor dysfunction.

An MRI study reported that levator ani injury was observed in 19.1% of women
who had vaginal delivery with external sphincter injury and in 3.5% of women
without sphincter injury. In women who delivered by cesarean section without
undergoing labor, no levator ani injury was observed. Among women with
external sphincter injury, those with major levator ani injury were more frequently
observed to have fecal incontinence. Other studies have shown that internal anal
sphincter thickening increases with age, and thinning of the external anal
sphincter, leading to decreased squeeze pressure, has been correlated with fecal
incontinence. However, in this study, age alone was not found to be a
determining factor for fecal incontinence.

3. HPV AND CERVICAL CARCINOGENESIS
3.1 Papillomaviruses and Human Papilloma Virus (HPV)

Papillomaviruses are a group of DNA viruses that infect the skin and mucous
membranes of animals. These viruses are primarily transmitted through physical
contact and typically do not cause significant disease. To date, more than 200
types of HPV have been identified, and categorized into alpha, beta, gamma, mu,
and nu genera. The specific sites of infection in the human body are determined
by the type and characteristics of the HPV strain. Low-risk HPV types [6,11,14-
19] are associated with genital warts [20]. HPV types in the beta and gamma
genera are commonly associated with skin infections during childhood, usually
with low viral loads. Mu genus HPVs are characterized by their tendency to
cause deep warts on the hands and soles of the feet [21].

Human papillomavirus (HPV) is the most common sexually transmitted infection
worldwide, with persistent HPV infection strongly associated with the risk of
cervical cancer and genital warts [22]. Globally, HPV is responsible for
approximately 4.5% of all cancers [2]. Tumors associated with HPV include those
of the cervix, anal canal, vagina, penis, oropharynx, vulva, oral cavity, and larynx
[23].
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HPV is a double-stranded DNA virus that belongs to the Papillomaviruses (PVs)
group [24]. Papillomaviruses have an affinity for the epithelial cells of vertebrates,
where they can induce neoplasias (tumor formations) following infection [25].
However, not all infections lead to cancer. For example, it has been shown that
approximately 80% of women will have acquired an HPV infection by the age of
50, but only a small percentage of these cases will develop into cancer [26].

Based on current data, HPV is considered one of the most significant human
carcinogens [27]. Of the 448 documented HPV types, only 12 are classified as
carcinogenic. Most HPV types do not cause cancer [1]. The HPV types that
cause diseases and premalignant/malignant lesions in the cervix belong to the
alpha genus. Group 1 Carcinogens (High-Risk [HR] HPV) include HPV16,
HPV31, HPV33, HPV35, HPV52, and HPV58 in Alpha-9; HPV18, HPV39,
HPV45, and HPV59 in Alpha-7; HPV51 in Alpha-5; and HPV56 in Alpha-6.
HPVE8, classified as a probable carcinogen, is also part of the Alpha-7 group.
Other HPV types rarely exhibit carcinogenic properties [28]. These high-risk HPV
types are sexually transmitted and are generally cleared by the immune system
within three years in 80% of cases. Only about 3% of infections progress to
premalignant/malignant lesions of the cervix within seven years [29]. The
progression to cancer is primarily due to the persistence of the HPV infection
[30].

HPV16 and HPV18 are responsible for 70% of cervical cancers. Among these,
HPV16 is the most oncogenic, accounting for 60% of cervical cancers, making it
the most prominent type [31]. Identifying the genetic variants of HPV that
contribute to carcinogenesis is challenging, primarily due to the lack of
comprehensive HPV genome sequences; even when sequences are available,
data interpretation can be complex [32]. There is a weak correlation between the
carcinogenicity of HPV types and their genetic similarity. Although HPV18 and
HPV16 are highly carcinogenic, their genomes are significantly different, and
HPV18 typically leads to basal lesions. Similarly, while HPV31 and HPV35 are
genetically similar to HPV16, their carcinogenic potential is much lower.

3.2 HPV and Cancer Epidemiology

HPV can lead to cancer development in various tissues, with cervical cancer
being the most prevalent among them [33]. Cervical cancers are most commonly
diagnosed in women aged 50-59 years. The association between HPV and
cervical cancer is even stronger than the association between smoking and lung
cancer [34]. Cervical cancer is the fourth most common and fatal cancer among
women worldwide. A study conducted in 2012 revealed that HPV caused
approximately 600,000 invasive cancers, with over 500,000 cases being invasive
cervical cancer, leading to 250,000 deaths. In men, this rate is significantly lower
(<1%). The cervix is highly susceptible to HPV, and the virus readily exhibits its
carcinogenic properties in this tissue [35].

HPV is transmitted through direct contact. Although vaginal and anal intercourse
are the most common modes of transmission, infections have also been
observed in individuals who identify as virgins [36]. Most infections occur within
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the first few years of becoming sexually active. A study involving 603 university
students found that approximately 40% of HPV infections occurred within the first
two years [37]. The primary factor that increases the risk of HPV infection is
having multiple sexual partners. Numerous studies support this, showing a higher
rate of HPV infection among individuals with an increased number of sexual
partners.

Early age at first intercourse and young age at marriage significantly increase the
risk of developing cervical cancer following HPV infection. A study found that
women who married before the age of 16 had approximately a 50% higher rate of
developing cervical cancer compared to those who married after the age of 20
[38]. Condoms can reduce the risk of transmission but are not 100% effective in
preventing HPV infection.

In addition to the number of sexual partners and early age at first intercourse,
other risk factors for HPV infection include being over 30 years old, having given
birth (multiparity), early age at first sexual activity, conditions leading to
immunosuppression, smoking, and the use of oral contraceptives [39].
Furthermore, the presence of HPV alongside Herpes Simplex Virus (HSV-2) and
Chlamydia trachomatis infections increases the risk of developing cervical cancer
compared to those without these infections [40].

3.3 Mechanisms of Oral Contraceptives and Smoking in Cervical
Cancer Development

The exact mechanism by which oral contraceptives (OCs) increase the risk of
cervical cancer is not yet fully understood. However, it is believed that women
who are HPV-positive and use OCs may have twice the risk of their infection
progressing to cervical cancer. This elevated risk is thought to return to normal
approximately 10 years after discontinuing OCs [41].

Smoking is directly associated with the development of squamous cell
carcinoma. The stress induced by smoking, the increase in reactive oxygen
species (ROS), and the polymorphism in the GST genotype—which is
responsible for encoding the enzyme involved in detoxification—contribute to the
increase in oncogenic HPV infections and the immune system's inability to
respond effectively to the infection. A study investigating the relationship between
HPV positivity and smoking found that exposure of cervical cells to benzopyrene,
a compound found in cigarette smoke, increases the synthesis of HPV in these
cells [42].

Some studies have also found similarities in the dietary habits and medication
use among patients with HPV infections and cervical cancer. For instance,
patients with low folate levels have been found to have a higher likelihood of
developing HPV16 infections [43]. Additionally, women with lower levels of
Vitamin A (retinol) have been observed to have a higher progression rate of
cervical cancer compared to those with higher levels [44]. The use of
diethylstilbestrol (DES) has been associated with an increased incidence of
vaginal and cervical cancers in affected individuals [45].
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3.4 Geographic and Socioeconomic Factors in HPV-Related
Cervical Cancer

The development of HPV-related cervical cancer is significantly influenced by the
economic status of countries and their geographic regions. The prevalence of
HPV in a given area and the effectiveness of cancer screening programs play a
crucial role in these differences [14]. In developing and underdeveloped
countries, the rates of cervical cancer are significantly higher, accounting for
approximately 84% of cases (about 445,000 women per year). In these
countries, cervical cancer is the second most common cancer after breast cancer
[15]. The high incidence rates in these regions are attributed to factors such as
low socioeconomic status, lack of knowledge about and access to preventive
healthcare services, inadequate or poor-quality screening, and less healthy
dietary habits [16]. In developed countries, cervical cancer accounts for less than
1% of all cancers, thanks to higher public awareness, easier access to
healthcare, and well-functioning vaccination programs.

Globally, when examining age-standardized data for every 100,000 women, the
incidence of cervical cancer is 14, with a mortality rate of 6.8. Regionally, the
incidence rate of cervical cancer is 42.7 in East Africa compared to 4.4 in
Western Asia. The mortality rate is 27.6 in East Africa, while it is only 1.5 in
Australia [17,18].

3.5 HPV-Related Anogenital Cancers

When considering anogenital cancers, these cancers are less common than
cervical cancer, and data is reliably reported only from high-income countries.
Nearly all cervical cancers and about 90% of squamous anal cancers are caused
by HPV. In contrast, the rates for vulvar and penile cancers are much lower
(approximately <50%). This discrepancy is likely due to the presence of other
more common causes of carcinogenesis in vulvar and penile cancers, such as
chronic inflammation [46].

Approximately 80% of HPV infections are suppressed by the immune system
within 2-3 years. Not everyone exposed to HPV will develop an infection, and the
inability to suppress the infection plays a crucial role in its persistence and
progression to chronicity. Upon entering the body, HPV induces minimal
inflammation in the immune system, which is important in preventing persistent
infection [47]. As with other risk factors, conditions that cause
immunosuppression in an individual can alter the course of the infection. For
example, organ transplant recipients and women with HIV infection who have low
CD4 counts are at higher risk for persistent cervical HPV infection.

3.6 Oropharyngeal Cancers and HPV
Oropharyngeal cancers are classified into two subtypes based on their etiology:
those associated with smoking and alcohol use, and those associated with HPV.

The prevalence of HPV-related oropharyngeal cancers parallels the economic
development of countries. This trend is attributed to the decline in smoking rates
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and the increase in HPV infection rates in high-income countries over the past 20
years [48].

As with other regions, the prevalence of oral HPV in oropharyngeal cancers and
lesions varies according to the population studied, and it is more common in
men. Two different meta-analyses involving 4,581 and 3,762 healthy individuals
were conducted. The first meta-analysis reported an oral HPV prevalence of
4.5%, while the second reported 7.5%. It is known that the samples in these
studies varied [49,50]. In a study conducted in the United States, the overall
prevalence of HPV in the general population was found to be 6.9%, with a
significant difference between men and women. The prevalence was 10.1% in
men and 3.6% in women [51]. The prevalence of oral HPV16 (1.3%) is much
lower compared to that in the cervical and anogenital systems.

The distinction between latent HPV infections and complete clearance from the
body is not clearly defined. The current tests available are insufficient to make
this distinction. When a previously HPV DNA-negative patient's result turns
positive again, it could indicate either a new HPV infection or the reactivation of a
latent infection. It is estimated that the likelihood of reactivation of a latent
infection increases with age. This hypothesis is supported by the observation
that, as age increases, the number of new sexual partners tends to decrease,
and the immune system may become weaker. These factors may help explain
the second peak in HPV prevalence observed in older populations. However, the
reactivation of latent infections is thought to have a weak association with the
development of cervical cancer.

Prevalence, by definition, refers to the proportion of individuals within a specific
population who have a particular disease within a defined time period. It is a
measure of how widespread a disease is within a community. Prevalence is
determined by dividing the number of existing cases of a disease in a population
by the number of people at risk in that population. Incidence, in contrast to
prevalence, refers to the number of new cases of a disease that develop in a
specific population during a particular time period.

HPV prevalence, like that of any disease, varies regionally and nationally.
Understanding these differences is critical for assessing and managing the risk
among individuals in different areas. A higher prevalence in a specific region
implies a greater spread of HPV among individuals, which in turn directly
increases the risk of transmission.

It is well established that HPV is associated with cervical cytology abnormalities,
cervical premalignant and malignant lesions, anogenital lesions and cancers, and
oropharyngeal lesions and cancers. The degree of association between HPV and
each organ or lesion varies. Understanding these relationships is crucial for
assessing a patient’s risk profile. The most current data on this topic are based
on systematic reviews and meta-analyses conducted by the Institut Catala
d’Oncologia (ICO)/ Information Centre on HPV and Cancer (IARC) [4].
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Globally, the prevalence of HPV infection among individuals with normal cervical
cytology is estimated to be 11.7%. Regions where prevalence is particularly high
include Africa and Oceania. In these patients, 70-90% of infections are
asymptomatic and tend to regress spontaneously within 1-2 years.

HPV infections are most commonly observed in young women, peaking in those
under 25 years of age. As age progresses, particularly in Europe and America,
the prevalence of HPV is known to decline. However, this decrease is not as
pronounced in regions like Africa and Asia. In some parts of West Africa and
South America, a second peak of HPV prevalence is observed in older women,
which is thought to be due to the reactivation of latent infections [52]. When
evaluating HPV types on a global scale, HPV16 is the most frequently observed
high-risk HPV type among women with normal cervical cytology, with a
prevalence of 3.2%, making it the most oncogenic type. This is followed by
HPV18 (1.4%), HPV52 (0.9%), HPV31 (0.8%), and HPV58 (0.7%).

The relationship between HPV and cervical precancerous lesions is even
stronger and supported by data. HPV has been detected in 52.5% of ASCUS
lesions, 74.8% of low-grade cervical lesions (low-grade squamous intraepithelial
lesion [LG-SIL] and cervical intraepithelial neoplasia [CIN1]), and 88.9% of high-
grade cervical lesions (high-grade squamous intraepithelial lesion [HGSIL] and
CIN2/CIN3]). HPV16 is the most frequently detected type, present in 19.3% of
low-grade cervical lesions and 45.1% of high-grade cervical lesions. Compared
to normal cervical cytology, the significantly increased prevalence of HPV16,
HPV18, and HPV45 in cervical precancerous lesions highlights the carcinogenic
potential and impact of HPV [53].

HPV infections are known not only to cause cervical lesions but also to lead to
anogenital and oral lesions. Although the association between these lesions and
HPV is not as strong as with cervical lesions, and there are fewer studies on this
topic, understanding the prevalence of HPV in the anogenital and oral regions is
useful for assessing potential risks associated with HPV infections.

The prevalence of HPV infections is higher in men than in women, but the
persistence of the infection is much less likely in men. While HPV prevalence
varies more significantly with age in women, this variation is minimal in men. Due
to differences in sampling techniques, the anatomical sites sampled, and the
populations studied, obtaining consistent data can be challenging [54].
Anatomically, HPV is most commonly found in the penile region in men, with the
lowest prevalence in the urethra.

When considering anal HPV infections, they are frequently detected in both
sexes, with prevalence varying according to gender and sexual orientation. The
highest prevalence of anal HPV is found in HIV-positive individuals and men who
have sex with men (MSM). The prevalence of anal HPV in MSM is 58.8%, which
is nearly twice that of the anal HPV prevalence in women (30.7%). In men who
have sex with women, the prevalence is 14.2%, approximately half of that in
women. Studies examining concurrent cervical and anal HPV levels in women
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have shown a correlation between the prevalences, and like cervical HPV, these
rates decline with age [12,19].

A study conducted in 2012 found that 4.5% of newly developed cancer cases
were associated with HPV, accounting for 29.5% of all infection-related cancers
that year, with more than 80% of these cases being cervical cancer [33]. Meta-
analyses updated in 2015 by the ICO/IARC HPV and Cancer Information Center
indicated that HPV16 remains the most prevalent genotype in cervical cancers
globally, with a prevalence of 60.6%. This rate is 49% in Africa and 58.8% in
Europe. HPV16 is most commonly detected in squamous cell carcinoma (SCC)
at a rate of 61.7% and in adenocarcinomas at a rate of 50%. HPV18 is found in
8.3% of SCCs and 32.3% of adenocarcinomas. For HPV45, the rate is 5.4% in
SCCs and 11.9% in adenocarcinomas [19].

HPV infections are also known to cause cancers in the anogenital region (vulva,
vagina, penis, anus) apart from cervical cancer. The incidence of cancers in
these areas is much lower compared to cervical cancer. A study identified
115,000 cases of anogenital cancer worldwide, of which 68,500 were associated
with HPV infection. Among males, 17,000 cases were diagnosed in the anal
canal and 13,000 in the penis, totaling 30,000 cancer cases. Among females,
18,000 cases were diagnosed in the anal canal, 8,500 in the vulva, and 12,000 in
the vagina, making a total of 38,500 cases [2,33]. Anogenital cancers are
generally squamous cell carcinomas.

There has been an observed increase in the incidence of anal canal cancers
within the anogenital cancers. This increase is attributed to risk factors such as
sexual behavior variations that heighten exposure to HPV [55]. When examining
the connection between these cancers and HPV, it is found that 88% of anal
canal cancer cases, 51% of penile cancer cases, 78% of vaginal cancer cases,
and between 15% and 48% of vulvar cancer cases are associated with HPV
infection [33].

Similar to cervical cancer, HPV16 shows a significant predominance in
anogenital cancers. In some regions, such as the anal canal, its prevalence is
even higher than that associated with cervical cancer. The prevalence of HPV16
is 60.6% in cervical cancers, whereas it is detected in 71.4% of anal canal
cancers. In vaginal cancers, the prevalence is 43.6%; in vulvar cancers, 19.4%;
and in penile cancers, 22.8% [4].

In light of all these findings, the presence, detection, and management of HPV
infection have become increasingly critical. As the frequency of HPV infections
rises, the impact on human health becomes more evident. The increase in the
number of HPV-related cancers in recent years underscores the need for
systematic detection and monitoring of HPV infections. The rising incidence of
HPV-related infections and associated cancers clearly indicates the global
importance of addressing this issue.
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4. HPV ONCOGENICITY AND PATHOPHYSIOLOGY

Papillomaviruses, regardless of type, share a common genomic organization.
Their life cycle and subsequent infection processes rely on infecting a
differentiating epithelial cell. The virus particles consist of an icosahedral capsid,
which contains a double-stranded circular DNA of approximately 8,000 base
pairs and is composed of 360 copies of the L1 gene product. This capsid is non-
enveloped [56]. The L2 proteins also bind the capsid to the DNA content;
however, they are fewer in number and variable [57]. The genomes of
papillomaviruses contain eight or nine open reading frames (ORFs). The post-
infection life cycle is controlled through a complex cycle of mRNA activation,
involving specific coders. These can be categorized into early ORFs and late
ORFs. Early ORFs primarily play a role in the replication of the virus and the
initial stages of infection.

Typically, early ORFs are responsible for the proliferation of the virus within the
cell. In contrast, late ORFs are associated with proteins involved in the formation
of virus particles and are active in the later stages of infection. These are
responsible for the replication of the virus within the cell and the formation of new
viral particles.

Both sets of open reading frames (ORFs) are activated by different promoters. In
HPV, the early open reading frames include the E1, E2, E4, E5, E6, and E7
proteins, with the "E" standing for "early." The late open reading frames include
the L1 and L2 proteins, with the "L" standing for "late." These proteins can also
be classified as essential and auxiliary proteins. E1, E2, L1, and L2 are
considered essential proteins. E1 and E2 are primarily involved in the replication
of the virus, while the other essential proteins, L1 and L2, play a role in the
formation of the virus. These essential proteins are termed "essential” because
they are highly conserved across different papillomavirus types and show little
variation [58]. In contrast, the auxiliary proteins (E4, E5, E6, E7) vary in their
functional properties depending on the HPV type. The processing and differential
coding of these proteins contributes to the distinct pathogenic outcomes
associated with different HPV types, leading to their classification into low-risk
and high-risk groups. Notably, significant differences exist between the high-risk
and low-risk HPV groups in the coding and genetic expression of E6 and E7 [59].
Each protein plays a unique role in HPV's infection process and its life cycle
continuation. To summarize the functions of these proteins in the cell cycle:

e EG6 and E7: These are the primary oncogenic proteins. E6 exerts its
oncogenicity by inactivating the tumor suppressor gene p53, while E7
inactivates another tumor suppressor gene, pRB (Retinoblastoma
protein) [60]. They also function through various mechanisms to delay
cellular differentiation, promote DNA replication, and evade the host
immune system [61]. These proteins play crucial roles in the
development of cervical cancer.

e E5: This protein is an auxiliary oncoprotein that supports the oncogenic
properties of the virus. It reduces the expression of Major
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Histocompatibility Complex (MHC) and disrupts the presentation of
proteins to cytotoxic (CD8+) T cells, aiding in immune evasion [62]. E5
is divided into four groups: E5a, E5B, E5y, and E59, with E5a being
predominantly found in highly oncogenic HPV types.

e EI1 and E2: These are essential viral proteins. E1 is primarily involved in
viral replication, while E2 plays a role in binding the virus to host
chromosomes and regulates the expression of E6 and E7 at specific
points in the viral life cycle [63]. E2 also has a role in immune evasion.

e E4: This protein assists in viral synthesis and release by disrupting the
cellular keratin in the host's upper epithelium. It is one of the most
abundant proteins in HPV-infected cells [64]. E4 does not have a
protective protein and functions in conjunction with E1.

e L1 and L2: L1 is the major capsid protein, present in 360 copies per
viral particle, and is responsible for binding the virus to the host cell and
facilitating its entry. L1 is the most conserved protein among HPV types
and is used to identify HPV types. Vaccines generate immunity by
targeting the L1 protein. L2 is the minor capsid protein, and after the
virus infects the tissue, it helps deliver viral genomes to the nucleus.

All proteins within the structure of HPV play crucial roles in its life cycle.
However, the primary factors that we need to examine and scrutinize for their
involvement in the virus's oncogenic properties are the E6 and E7 proteins.
These proteins enable the virus to exhibit its oncogenic characteristics within
tissues through different mechanisms. It is well known that E6 inhibits the tumor
suppressor protein p53, while E7 inhibits the retinoblastoma protein (RB). The
E6/E7 complex, through these activities, leads to multiple oncogenic effects,
including chromosomal instability, inhibition of apoptotic signaling pathways, and
increased telomerase activity [65].

Under normal conditions, p53 acts via p21 to regulate the cell cycle's
checkpoints, preventing abnormal cell growth. By inactivating p53, E6 promotes
the mitotic cycle of the cell and inhibits apoptosis. This suppression of p53 by E6
disrupts the cell’s ability to halt the cell cycle in response to DNA damage,
allowing for unchecked cellular proliferation.

E7 binds to RB and induces its degradation. The degradation of RB results in the
activation of E2F transcription factors [66]. The activation of E2F causes the
failure of the G1/S checkpoint in the cell cycle, allowing the cell to progress into
the S phase, where DNA synthesis occurs. This uncontrolled cell proliferation
and subsequent viral replication are thus initiated. The virus drives the host cell
into the S phase to access host replication factors, which are essential for viral
replication.

Additionally, the degradation of RB leads to an increase in pl6 expression. pl16,
in turn, further inactivates RB, thereby promoting uncontrolled cell division [67].
This disruption in cell cycle regulation is a key mechanism by which HPV,
particularly its high-risk types, contributes to the development of cancer,
particularly in the cervix and anogenital regions.
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Understanding how HPV infection enters the host cell, establishes the infection,
and progresses to cancer is crucial [68]. This knowledge is fundamental not only
for developing preventive healthcare measures like vaccines but also for guiding
medical or surgical treatment processes. These mechanisms must be
understood for these reasons.

HPV infection progresses intraepithelial, meaning that the virus does not initially
cause viremia within the host body. Consequently, there is no cell death
observed at the early stages. This lack of cellular destruction means that the viral
replication process does not trigger inflammation, allowing the virus to evade the
host's immune system. The antigen-presenting cells of the squamous epithelium
are known as Langerhans cells. Since no significant inflammation occurs during
most of the infection cycle, cytokine release is not initiated, which means that
Langerhans cells remain inactive. As a result, antigen-specific responses do not
begin, and effector cells are not recruited to the site of infection [15].

Regardless of whether HPV is a high-risk or low-risk type, for the virus to
replicate, it must access a damaged basal layer of the epithelium [69]. For the
infection to persist, the initially infected cell must be a long-lived epithelial stem
cell or stem cell-like, capable of division [64]. In the basal layer of the cell, HPV
binds to heparan sulfate proteoglycans and/or Laminin 5, a process primarily
mediated by the L1 capsid protein [70,71]. This binding induces conformational
changes in the viral capsid, leading to further attachment facilitated by L2.

This process is critical because it determines the virus's ability to establish a
persistent infection, which is necessary for the progression to cancer. The initial
attachment and entry of HPV into basal epithelial cells set the stage for the virus
to evade immune detection and establish a long-term presence within the host,
ultimately leading to the potential development of malignancy.

Once the virion enters the cell nucleus, it begins its replication process. Initially,
HPV maintains a specific copy number within the set of infected reserve cells,
typically around 50-200 copies. This replication is mediated by the E1 and E2
proteins. The low level of gene expression in the basal layer allows the virus to
remain undetected by the immune system [63]. Until a high copy number is
reached, the E6 and E7 proteins continuously stimulate the E1 and E2 proteins
to drive replication. As keratinocytes differentiate, the viral genome progresses
toward the upper epithelial layers, with new gene expressions occurring at each
stage. Thus, the virus initially infects cells at the site of basal layer damage and,
as the tissue continues to divide, it moves up into the upper epithelial layers.

As the infected basal cells divide and their numbers increase, they begin to move
into the parabasal layer. Viral genome amplification occurs in the middle
epithelial layers, and viral release takes place in the upper layers of the
epithelium [72,73]. When sister cells reach the epithelial surface and complete
their gene expressions, the genome copy numbers exceed 1073, leading to the
formation of viral particles [71,74,75]. The E4 protein is then activated to package
these high-copy genomes and facilitate their release in conjunction with the L1
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and L2 proteins. E4 disrupts the cytokeratin filaments, allowing the virions to be
released [56].

During this intraepithelial process of viremia, the absence of cell death and
inflammation renders the virus invisible to the host immune system, facilitating
the persistence of the infection. The movement of the virus is directed from the
lower to the upper layers of the epithelium. As a result, although the viral genome
may be present in adjacent basal cells, viral particles themselves are not found
there [75].

This mechanism underscores how HPV can establish persistent infections by
evading immune detection, primarily due to its intraepithelial replication strategy
that avoids triggering an inflammatory response. The virus's ability to maintain a
low profile during the early stages of infection is critical for its long-term
persistence and eventual progression to oncogenesis in some cases.

There are some significant differences in the viral replication processes between
high-risk (HR) and low-risk HPV types. High-risk HPV types can significantly
increase cell proliferation in the basal and parabasal cell layers. The activity of
E6 and E7 proteins has been found to be higher in these types. This elevated
activity results in cellular proliferation extending into the middle layers of the
epithelium, leading to an increase in cell division. Additionally, in high-risk types,
infected basal cells exhibit reduced sensitivity to contact inhibition with normal
cells, and cellular differentiation is inhibited [76]. The molecular differences
between high-risk and low-risk HPV types are summarized in Table 1.

Table 1. Molecular differences between high-risk and low-risk HPV types

Function High-Risk HPVs Low-Risk HPVs

E6 Protein

Gene Expression Fully encoded and present  Absent or minimally
encoded

Binding and Degradation  Strongly binds to p53 Weakly binds to p53

Ubiquitin Ligase Binding Interacts via E6AP Interacts via E6AP

p53 Transactivation and Inhibits Inhibits

Acetylation

Apoptosis Inhibits Unknown

Growth Arrest Inhibits with DNA damage  Continues normally

Keratinocyte Inhibits Unknown

Differentiation

Interferon Response Inhibits Weak inhibition

Signal Pathway AKT, WNT, Notch, and Unknown

Modulation mMTORC1

Telomerase Activation Activates Does not activate

MYC Activation Activates Does not activate

E7 Protein

Binding and Degradation  pRB, p107, p130 No degradation
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Function High-Risk HPVs Low-Risk HPVs
Binding (without Strongly binds E2F Weakly binds pRB
degradation) and E2F

Entry into Cell Cycle and  Triggers Triggers

DNA Synthesis

Genomic Instability Triggers Does not trigger
STAT1 Function Suppresses Does not suppress
Cellular Immortality and Plays a role Does not play a role
Transformation

Signal Pathway AKT Unknown
Modulation

Viral Genome Yes Yes

Amplification

Hanahan and colleagues, in 2022, based their understanding of cancer markers
on 14 fundamental mechanisms. They suggested that the development of a
tumor in tissue could result from the presence of one or more of these
mechanisms. These 14 mechanisms include:

Cellular senescence

Genomic instability

Resistance to cell death
Deregulation of cellular metabolism
Loss of phenotypic plasticity
Sustained proliferative signaling
Resistance to growth-suppressing genes
Epigenetic reprogramming

Immune evasion

Replicative immortality
Tumor-promoting inflammation
Polymorphic microbiomes

Activation of metastasis and invasion
Ability to access vascular structures.

Understanding these mechanisms is crucial for grasping the complexity of HPV's
role in oncogenesis, particularly in how the virus hijacks cellular processes to
drive malignancy, with the high-risk HPV types demonstrating a more aggressive
pattern of disruption compared to low-risk types.

The study conducted by Roden and colleagues in 2018 explored the relationship
between HPV and established cancer markers, highlighting that HPV influences
nearly all of these markers. At that time, ten cancer hallmarks were recognized,
and the study focused on how HPV, particularly through its E6, E7, and E5
proteins, contributes to carcinogenesis. The following outlines HPV's role in
cancer development based on the mentioned hallmarks:
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Sustained Proliferative Signaling: E5 activates the epidermal growth
factor receptor (EGFR), and E7 inhibits the retinoblastoma protein (RB),
promoting continuous proliferative signals.

Resistance to Growth Suppressors: E7 activates RB, while E6
inhibits p53, both contributing to resistance against growth-suppressing
genes.

Immune Evasion: E5 inhibits major histocompatibility complexes
(MHCs) and TAP, E6 inhibits interferon regulatory factor 3 (IRF3), and
E7 inhibits CXCL14 and IRF1, allowing the virus to evade the immune
response.

Tumor-Promoting Inflammation: E6 and E7 inhibit the release of
CCL20 and local antigen-presenting cells (APCs) and promote the
production of interleukin-6 (IL-6), CCL2, and matrix metalloproteinase-9
(MMP9) in conjunction with monocytes, contributing to a tumor-
supportive inflammatory environment.

Activation of Invasion and Metastasis: E6 facilitates invasion and
metastasis by inhibiting PDZ domain-containing proteins.

Inducing Angiogenesis: E6 promotes angiogenesis through vascular
endothelial growth factor (VEGF) and IL-8, while E7 activates hypoxia-
inducible factor 1 (HIF1).

Genomic Instability and Mutation: E7 contributes to genomic
instability by causing double-stranded DNA breaks.

Deregulation of Cellular Metabolism: E6 activates mTOR and MYC,
leading to deregulated cellular metabolism.

Resisting Cell Death: E6 inhibits p53 and BAK while activating Bcl-2,
thereby promoting resistance to apoptosis.

Enabling Replicative Immortality: E6 contributes to replicative
immortality by activating telomerase.

Although HPV's oncogenic features, replication processes, and the differences
among its types suggest a strong potential for persistent infection and
carcinogenesis, the host immune system often mounts a robust response to
these infections. In fact, most HPV infections regress within the first two years,
demonstrating the effectiveness of the immune response. Natural Immune
Response to HPV Infection:

Damage Detection: Local antigen-presenting cells (APCs) are
activated, initiating damage detection.

Cytokine and Chemokine Release: Pro-inflammatory cytokines and
chemokines are released, facilitating the migration of viral antigens to
the lymph nodes.

Activation of T Cells: Once APCs reach the lymph nodes, they
stimulate antigen-specific CD4+ T cells, which in turn activate CD8+ T
cells or promote the production of neutralizing antibodies (nAbs) by B
cells.
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e Innate Immune Activation: Concurrently, the innate immune response,
including the activation of natural killer (NK) cells, occurs, leading to the
release of interferons and further recruitment of APCs.

e Inflammation and CD8+ T Cell Recruitment: The inflammatory
environment and infected cells attract CD8+ T cells to the site, targeting
the infected tissue.

e Antibody Production: Plasma cells produce nAbs, which target viral
particles but not infected cells. While nAbs cannot cure the infection,
they can prevent its spread. However, it may take months for these
antibody responses to fully develop. Moreover, the antibody levels
detected might not be sufficient to prevent reinfection with the same
virus. For long-term immunity, cell-mediated immunity is necessary, as
the effects of nAbs are more limited [71].

This comprehensive understanding of the immune response and the role of HPV
proteins in carcinogenesis underscores the complexity of HPV's interactions with
the host and the importance of both preventive and therapeutic strategies in
managing HPV-related diseases.

4.1 HPV-Related Cervical Lesions

In 1842, Rigoni-Stern observed that cervical cancers predominantly occurred in
married women and were virtually nonexistent among nuns, likely due to their
celibacy. This observation led to the early theory that cervical cancer was linked
to sexual activity. Over time, it became evident that other risk factors also
contributed to the development of cancer.

In the early 1940s, cellular changes in cervical pathology detected through PAP
smear tests were termed "koilocytosis." Following this, research into cervical
diseases and cancers intensified. In 1980, de zur Hausen identified HPV as the
etiological agent in cervical oncogenesis, a discovery that earned him the Nobel
Prize in 2008. Once the relationship between HPV and cervical lesions was
clearly established, research efforts focused on understanding HPV's role in
oncogenesis, its connection to cervical cancers, and refining screening
techniques.

In 1941, the combination of the cervical cytology technique developed by George
Papanicolaou and Herbert Trout in the United States and the colposcopy method
developed by Hans Hinselmann in Germany in 1927 enabled the early detection
and intervention of precancerous cervical lesions before they could progress to
invasive cancer. These advancements allowed for the identification of at-risk
women through cervical cytology, followed by colposcopy to pinpoint lesions. As
a result, cervical cancer mortality rates in the United States have decreased by
70% over the past 50 years.

In 1956, Reagan and Hamonic introduced the term "dysplasia," used to describe

cervical epithelial abnormalities such as cytological atypia, increased mitotic
activity, and loss of polarization. Dysplastic changes were graded as mild,

81



Medicine and Medical Research: New Perspectives Vol. 11
Anogenital System and HPV-Related Lesions in Women: Anatomy, Pathophysiology, and Screening

moderate, or severe. Due to the inadequacy in distinguishing between carcinoma
in situ (CIS) and severe dysplasia, and recognizing that severe dysplasia was
actually a premalignant lesion, Ralph Richart introduced the concept of cervical
intraepithelial neoplasia (CIN) in 1969. CIN was categorized into CIN I, CIN II,
and CIN Il based on the extent of undifferentiated cell replacement in the
epithelium, indicating the spread of basaloid changes in the lower, middle, and
upper segments of the cervical epithelium.

The Bethesda System was first introduced in 1988, updated in 1991, and revised
in 2001. In 2012, Darragh and colleagues proposed changes related to
cytological and histological staging. In the United States, the Lower Anogenital
Squamous Terminology (LAST) system is used. According to this terminology,
CIN | and other changes caused by HPV are classified as low-grade squamous
intraepithelial lesions (LSIL), while CIN Ill-related changes are classified as high-
grade squamous intraepithelial lesions (HSIL) [77]. Due to the sometimes
spontaneous regression of CIN Il lesions and their occasional behavior as
premalignant lesions, an additional molecular test is often needed, with p16
being commonly used. However, because pl6 can be stained without being a
cancer marker in many HPV infections, it is not entirely specific. No definitive
biomarker has been identified for reliably distinguishing between LSIL and HSIL,
although p16 is considered a predictor of HSIL. Histologically, LAST classifies
CIN | as LSIL, and CIN Il and CIN Il as HGSIL. These systems and concepts
have been developed to estimate the future cancer risk of lesions.

For cytological screenings, the Papanicolaou (Pap) classification is used, ranging
from | to V, based on increasing degrees of cervical cytological abnormalities.
When assessing these differences, factors such as the degree of lost
cytoplasmic maturation and changes in nuclear shape and size are considered.
LSIL lesions, which show cellular changes detected by Pap smear tests but are
insufficient for diagnosis, are categorized as atypical squamous cells of
undetermined significance (ASC-US) or atypical squamous cells where a high-
grade lesion cannot be excluded (ASC-H). Non-cancerous glandular
abnormalities are classified as atypical glandular cells (AGC) and
adenocarcinoma in situ (AIS). A summary of the histological, molecular, and
cytological classifications of lesions is presented in Table 2.

Table 2. Relationship between lesion classifications

Histology LAST Pap WHO Bethesda Classification

Normal Normal I Negative NILM Normal Cervix

CIN1 LSIL Il Squamous ASC-US HPV Infection

Atypia

CIN 2 LSIL/HSIL 1l Mild LSIL Pre-cancerous
Lesion

CIN 3 HSIL v Severe HSIL Pre-cancerous
Lesion

Cancer Cancer \Y Cancer Cancer Cancer

82



Medicine and Medical Research: New Perspectives Vol. 11
Anogenital System and HPV-Related Lesions in Women: Anatomy, Pathophysiology, and Screening

Cervical intraepithelial neoplasias (CIN) can either regress spontaneously or
progress to invasive cancer. The rates of regression and progression of lesions
are shown in Table 3. The goal of optimized management is to prevent
overtreatment, which can lead to morbidity while ensuring that high-risk lesions
receive appropriate treatment and monitoring. Applying the correct treatment or
follow-up protocol to the right patient is crucial in this context.

Table 3. Regression and Progression Rates of Cervical Intraepithelial
Lesions [78]

Histologic Regression Rate of Progression  Progression

Lesion Rate Persistence to CIN I to Squamous
Without Carcinoma
Change

CIN I 60% 20-30% 5-10% 1%

CIN I 40% 40% 15-20% 5%

CIN 1l 33% - 10-12% -

The likelihood that a CIN lesion will progress to invasive cancer depends largely
on the patient's age and the grade of the CIN lesion. The rate of cancer
progression is notably low in individuals under the age of 25, leading to a
preference for monitoring the lesion and HPV infection over immediate
intervention. A 2012 study in the United States examined the incidence of
cervical cancer in women under 40, finding that 78% of cervical cancers occurred
in women aged 30-39, 21% in women aged 20-29, and only 1% in women under
20 [79]. These data support the approach of age-specific management.

For patients with CIN 1 lesions, follow-up is often preferred, especially
considering the patient's obstetric history, age, and family planning status. This
follow-up approach can also be applied to patients with CIN 2 lesions, although
treatment is generally recommended for those with CIN 3 lesions.

The average age at which CIN 1 is diagnosed is 29.2 years. A follow-up
examination conducted six months later showed a regression rate of 49% in
these patients. Approximately 35% of the lesions remained as CIN 1, and only
7% progressed to high-grade lesions [80]. Among patients with regressed
lesions, 80% showed no lesions at the 12-month follow-up. In those whose CIN 1
lesions persisted at the six-month mark, 50% showed regression at the 12-month
follow-up, while 46% had ongoing low-grade lesions, and 4% developed high-
grade lesions.

Even without treatment, about half of patients with CIN 2 lesions will experience
regression. A meta-analysis of 36 studies involving 3,160 patients found that
after 24 months, 50% of the lesions had regressed, 50% persisted, and 18%
progressed to CIN 3 [81]. Another retrospective study of 27,500 patients with CIN
2 who were either monitored or underwent excision found that, over 20 years,
104 developed invasive cervical cancer. The cancer risk was 2.75% in those who
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were monitored, compared to 0.89% in those who underwent excision
procedures [82].

Spontaneous regression rates for CIN 3 lesions range from 32% to 47%, while
the risk of progression to invasive cancer ranges from 12% to 40% if left
untreated. In a study of 736 patients with CIN 3, 143 were closely monitored
without treatment, while 593 received the necessary treatment. Over ten years,
cancer developed in 20% of untreated patients compared to 0.3% of treated
patients. After 30 years, the rate was 31% in untreated patients and 0.7% in
treated patients [83].

HPV infections lead to cellular changes detectable through cytological and
histological examinations. As the lesion progresses, changes such as nuclear
enlargement, multinucleation, hyperchromasia, and perinuclear cytoplasmic
halos occur. In CIN 1 lesions, the upper two-thirds of the stratified squamous
epithelium shows normal maturation, with mild nuclear atypia and a low number
of mitoses observed in the basal third. In CIN 2 lesions, the upper half of the
stratified squamous epithelium is mature, with the upper third unaffected. Nuclear
atypia may be present, with mitoses observed in the basal two-thirds. In CIN 3
lesions, the entire stratified squamous epithelium is typically affected, or only the
upper third shows normal maturation. Numerous mitoses are observed
throughout the epithelium.

For HPV to progress from a precancerous lesion to cancer, it must induce the
necessary cellular changes, a process that can take years. If an HPV infection
persists for more than four years, the likelihood of regression is very low [84].
Women with persistent infections are at risk of developing cervical intraepithelial
neoplasia (CIN).

Approaches to CIN lesions have evolved significantly since the 1960s. Due to
potential complications from procedures, particularly in women desiring future
fertility, management strategies have become increasingly minimally invasive.
This shift has been driven by long-term research and the ability to monitor HPV
infections. In the 1970s and 1980s, cryotherapy and laser ablation were
commonly used, but these methods often failed to distinguish between different
levels of dysplasia, particularly in patients with advanced lesions. As the
importance of distinguishing between dysplastic lesions became clear in the
1990s, treatments like LEEP (loop electrosurgical excision procedure) replaced
cryotherapy and laser ablation, providing better differentiation and management
of lesions. As screening and vaccination programs became more effective,
interventional procedures began to give way to observation [10]. In 2019, the
American Society for Colposcopy and Cervical Pathology (ASCCP) released
guidelines to optimize approaches to cervical lesions. These guidelines
differentiate between patients under and over the age of 25. According to these
guidelines:

e Patients with CIN 1 lesions, LSIL, ASC-US, or negative cytology for
intraepithelial lesions or malignancy (NILM) but positive for HPV are
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considered low-risk for cervical cancer. Annual HPV monitoring and
observation are recommended [85]. A cohort study of over 100,000
patients found that those with CIN 1 detected by colposcopic biopsy had
a 10-year risk of progression to CIN 3 of 0.7% after one year and 2.3%
after five years. For patients with ASC-US and HPV positivity, the risk of
progression to CIN 3 was 0.5% after one year and 2.6% after five years.
In patients with NILM, the risk of progression to CIN 3 was 0.7% after
one year and 2.8% after five years [86].

e Patients with CIN 1 lesions who develop ASC-H or HSIL raise concerns
about missed high-grade lesions during colposcopic biopsy. In the same
cohort study, the progression rate to CIN 3 for ASC-H lesions was 1.4%
after one year and 5.6% after five years. For HSIL, the progression rate
was 3.9% after one year and 6.5% after five years [86]. These data
support a more aggressive management approach for patients with
HSIL, recommending excisional procedures or continued observation
depending on patient adherence to follow-up and birth planning. Annual
HPV testing and colposcopy are recommended during observation, with
continued monitoring if results are negative.

e If CIN 1 persists for two years, the risk of progression to CIN 3 is low. In
the same cohort study, HPV positivity persisted in 48% of patients, and
more than 90% of these patients had follow-up cytology showing LSIL
or lower-grade lesions [86]. In another study of 126 patients with two
consecutive CIN 1 biopsies, LEEP was performed, revealing CIN 1 or
no intraepithelial lesions in 87% of cases. CIN 2 was found in only 13%
[87]. These findings further support the option of observation with
annual colposcopy and HPV testing.

e Patients with CIN 2 and CIN 3 lesions are at higher risk for progression,
warranting treatment. Decisions regarding treatment modalities should
consider the patient's age, birth planning, pregnancy status, and
adherence to follow-up. For women over 25 who are not pregnant,
treatment is recommended. Patients who opt for observation should be
informed of the risks, and follow-up with colposcopy and HPV
assessment every six months is advised. When treatment is planned,
excisional procedures (LEEP, cold knife conization) are preferred.
Ablation (cryotherapy, laser ablation) is an alternative but is less
preferred for differentiating lesions. Hysterectomy is not recommended
as a first-line treatment [85]. A study published in 2023 provided
updates to the 2019 ASCCP guidelines, including new
recommendations for managing CIN 2. For patients who are concerned
about treatment and have reproductive plans, observation or treatment
is acceptable if the squamocolumnar junction is fully visible and the
endocervical sampling shows CIN 2 or lower [88]. While treatment was
mandatory for HSIL lesions in 2019, the 2023 update allows for
observation in certain cases, with increased monitoring frequency,
including biannual follow-ups for two years.

The 2019 ASCCP guidelines introduced several changes from previous
approaches. These guidelines emphasized considering the impact of a patient's
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previous results and other risk factors in management decisions. This led to more
frequent follow-up, colposcopy, and treatment recommendations for higher-risk
patients, while lower-risk patients could be managed with delayed colposcopy
and extended follow-up intervals. The guidelines also incorporated data from a
prospective study involving 1.5 million patients at Kaiser Permanente Northern
California (KPNC), which included current test results and screening history in
risk estimation tables. Based on these tables, the patient's risk of CIN 3
progression could be calculated using an online program available on the
ASCCP website. This program, which automates the risk calculation, can guide
treatment planning, including options like delayed colposcopy and expedited
treatment (without colposcopy), depending on the patient's risk level [86].

4.2 HPV-Associated Anal Canal Lesions

While the exact pathogenesis of anal cancer and lesions has not been as clearly
defined as cervical cancers, HPV infections are strongly associated with anal
canal cancers and lesions. The risk factors for these infections are similar.
Additionally, the diversity in sexual orientations among men and the increase in
HPV and HIV infections have led to a recent rise in anal canal lesions. These
increasing rates highlight the need for the development of screening programs
for the anal canal. The highest rates of anal HPV infection are observed in HIV-
positive men who have sex with men (MSM), with over 90% of these patients
having anal HPV infections and multiple HPV-type positivity [89]. In contrast,
these rates are significantly lower in heterosexual men without HIV. Data on the
prevalence of anal HPV in women are limited, but unexpectedly high rates of
anal HPV infection have been found across all age groups [90]. Studies
comparing women with a high risk of HIV infection, both HIV-positive and HIV-
negative, have found that anal HPV infection is more common in these
populations than cervical HPV infection [91]. In HIV-positive individuals, the
presence of high-risk HPV in the anal canal is significantly higher than in those
without HIV, likely due to the higher incidence of infection in this patient
population and the decreased immune response to the infection [12].

Anal cancers are less common than cervical cancers and occur more frequently
in women than in men when considering the general population. The incidence
rate of anal squamous cell carcinoma (ASCC) is approximately 1 per 100,000
people per year [92,93]. The incidence has increased by about 2% per year since
the 1970s [94], with a peak incidence in individuals in their 60s. Approximately
80% of ASCC cases are attributed to HPV. According to the International Agency
for Research on Cancer (IARC), HPV16 accounts for 66% of HPV-associated
ASCC cases, while HPV18 is responsible for 6% [95].

It has been suggested that HPV infections in women primarily spread through
receptive anal intercourse [96]. However, subsequent studies have shown that
the transmission of the infection can occur with or without anal intercourse.
Therefore, it is more appropriate to screen all women at risk for HPV infection,
not just those who engage in anal intercourse, for anal canal HPV infections [5].
In a study conducted on healthy women in Hawaii, the rate of cervical HPV
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infection was found to be 29%, while the rate of anal canal HPV infection was
27%, showing a close correlation. The HPV types involved were found to be
similar, suggesting that there may be transmission between the cervix and anal
canal, supporting the hypothesis of a shared source of infection [97]. Limiting
anal canal HPV infection to those engaging in anal intercourse may not be
accurate. Another study that followed patients with anal canal HPV infections
found that the infection regressed in 58% of patients within one year [90].

Two primary mechanisms of HPV transmission in the anal canal have been
proposed: direct transmission and auto-inoculation. Of four studies evaluating
sexual transmission routes, all but one found that the transmission rate of
cervical or anal HPV infection from men to women was significantly higher than
the transmission rate from women to men [98]. HPV-positive samples taken
immediately after vaginal intercourse are not considered to represent active HPV
infections but rather should be considered as accumulation or contamination
from the partner [99]. Various studies have shown higher HPV rates following
sexual intercourse within 24 hours, which can be misleading. Similarly, high HPV
infection rates have been observed in samples taken after sexual intercourse, but
this does not indicate active infection. High levels of male DNA were detected in
vaginal swabs taken within 48 hours of intercourse. By the third day, the amount
of male DNA decreased, and subsequent tests more accurately reflected true
HPV infections. In the context of direct sexual transmission, the viral load of the
transmitting partner is important, as individuals with a higher viral load are more
likely to transmit the infection [100].

While proving the transmission of infection between the cervix and anal canal is
challenging, evidence suggests that both regions can serve as sources of
infection for each other. The transfer of infection between these regions is
believed to occur through auto-inoculation, where the virus spreads to adjacent
areas of the skin. Today, it is not possible to differentiate between this type of
transmission and contamination or latent infection in the area. Women who
engage in anal intercourse are at higher risk for anal canal HPV infection.
Despite this increased risk, anal intercourse is not considered an absolute risk
factor for developing high-risk HPV infections. Many women who do not engage
in anal intercourse also test positive for high-risk HPV infections, indicating that
transmission likely occurs through auto-inoculation [101]. A study by Goodman
and colleagues found that sequential development of anal and cervical HPV
infections is common. The relative risk of developing an anal canal infection after
a cervical infection with the same HPV genotype was 20.5, while the relative risk
of developing a cervical infection after an anal canal infection was 8 [102]. In
addition to this mode of transmission, non-penetrative sexual contact and
transmission through fingers have also been identified. Several studies have
found that HPV types present on the hands or fingers of both men and women
are the same as those in the genital area [103]. Although hand or finger
infections are more likely due to DNA accumulation from genital infections rather
than active infection, they should not be ignored as a potential route of auto-
inoculation. In addition to the hands and fingers, a study conducted in San
Francisco demonstrated that the scrotum could play a role in transmission during
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heterosexual intercourse through passive contact with the genital area, without
penetration. The scrotum may serve as a reservoir or source of penile infections,
which can then be transmitted through contact between partners [104].

In a 2013 study by Giler and colleagues conducted on Turkish women, 106
women with cervical HPV infection were examined, and 51.9% of these patients
also tested positive for anal HPV. The most common HPV types in cervical
infections were HPV16, HPV6, and HPV39, while in anal samples, HPV16,
HPV6, and HPV44 were most frequently observed. When analyzing the risk
factors in patients who tested positive for anal HPV, it was found that women
over 30, those who had their first sexual intercourse before the age of 18, those
with more than three-lifetime sexual partners, those who used oral
contraceptives, smokers, those with genital warts, and those who engaged in
anal intercourse were at higher risk [5].

Persistent HPV infections in the transformation zone of the anal canal lead to
dysplasia in the region. These dysplastic changes are categorized as low-grade
intraepithelial lesions (LSIL) and high-grade intraepithelial lesions (HSIL). LSIL
cytology is typically characterized by abnormal nuclei in basal cells, an increased
nucleus-to-cytoplasm ratio, and changes that occur in less than one-third of the
epithelium. Many studies have found that the sensitivity and specificity of anal
cytology are much lower compared to cervical cytology [105]. The transformation
zone of the anal canal can be observed with anoscopy, and biopsies can be
taken from suspicious areas. Histologically, these lesions are termed anal
intraepithelial neoplasia (AIN) and are classified as AIN 1, 2, or 3. AIN 1 is
referred to as low-grade anal intraepithelial neoplasia (LGAIN), while AIN 2 and
AIN 3 are considered high-grade anal intraepithelial neoplasia (HGAIN). HGAIN
is recognized as a precursor to anal squamous cell carcinoma (ASCC).

Histologically similar to CIN, the natural progression of anorectal intraepithelial
neoplasia (AIN) in HIV-negative individuals is not well documented. The
presence of high-grade AIN (HGAIN) correlates with the presence of anal HPV in
various populations, with the highest prevalence observed among HIV-positive
men who have sex with men (MSM), followed by HIV-negative MSM. In a study
conducted in San Francisco, the prevalence of AIN in HIV-positive MSM was
found to be 57%, with HGAIN prevalence at 43% [106]. Among HIV-negative
MSM, the prevalence of AIN was 35%, and HGAIN was 25%. In these patients,
anal HPV infection is considered a significant risk factor. HPV shows its
oncogenic effects predominantly in the transformation zone of the cervix, and
similarly, it affects the transformation zone in the anal canal, where epithelial
changes occur. The active metaplasia in both regions allows the virus to enter
the basal epithelial cells and continue its replication. However, the data regarding
the oncogenic processes in the anal canal are not as robust as those for the
cervix.

Given the strong link between HPV infection in the anal canal and the

progression to anal cancer, screening and appropriate treatments are crucial for
preventive measures. There are limited studies on the prevalence of AIN in
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women, and these studies typically focus on HIV-positive women. In women
without immunodeficiency, who have CIN or vulvar intraepithelial neoplasia (VIN)
or vaginal intraepithelial neoplasia (VAIN) lesions, AIN was detected in 12% of
cases, with HGAIN present in 8%. When considering only the association with
CIN, AIN was found in 17.4% of these women, and HGAIN in 4% [107]. HGAIN is
observed at very high rates in HIV-positive MSM. However, the progression rate
of HGAIN to anal squamous cell carcinoma (ASCC) is believed to be much lower
than the progression rate of CIN3 to cervical cancer. If the rate were as high as in
cervical lesions, we would expect to see a much higher incidence of ASCC [12].
This suggests that spontaneous regression of HGAIN lesions is common.

5. SCREENING AND VACCINATION FOR HPV-RELATED LESIONS

For an effective screening program to be implemented, the disease or type of
cancer being screened must have a high incidence in the population. Conducting
screening in groups with low incidence is not cost-effective for the general
population. A screening program must be appropriately targeted at the right
population, with an acceptable detection rate. There must also be an effective
intervention method available for individuals who test positive during screening,
to ensure that the benefits of early detection translate into improved public health
outcomes. The intervention should be accessible, minimally harmful, tolerable by
the patient, and informative regarding pre-cancerous lesions. Cervical cancer
meets all these criteria, making screening programs highly effective in preventing
the disease. One of the best preventive measures is the implementation of a
robust screening and vaccination program. When considering the relationship
between HPV and anal canal cancer, it is predicted that vaccination would also
be beneficial in preventing anal canal cancers. Especially for high-risk
populations concerning anal canal cancer, expanding screening programs and
taking preventive measures could reduce the increasing mortality and morbidity
rates associated with this type of cancer. In countries with a high incidence of
cervical cancer, vaccination programs are often not effectively implemented. In
countries where vaccination programs are effective, the generations that missed
vaccination are more heavily affected by cervical cancer.

The primary goal of screening programs is to detect treatable pre-cancerous
lesions before they progress to invasive cancer and to establish an appropriate
management strategy. In managing these lesions, while reducing cancer-related
mortality and morbidity, it is also important to avoid over-treatment, which can
lead to unnecessary complications. Screening involves identifying patients in
high-risk groups and directing them to necessary examinations, such as
colposcopy and biopsy for cervical cancer.

Preventive approaches for cervical cancer can be categorized into primary and
secondary prevention. Primary prevention involves preventing the development
of pre-cancerous lesions through HPV vaccination, while secondary prevention
involves detecting pre-cancerous lesions through screening and treating them
before they progress to cancer. In developed countries, the application of these
two methods has significantly reduced the incidence of cervical cancer [108,109].
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Three different methods are considered in cervical cancer screening programs,
each covering countries with different socio-economic levels. These include
visual inspection with acetic acid (VIA), cytology/Pap smear test, and HPV DNA
test. The VIA method involves inspecting the cervix under magnification or
without magnification after applying acetic acid. However, the sensitivity and
specificity of this method are not high enough to make it suitable for screening
[110]. In developed countries, screening programs primarily utilize the Pap smear
test and HPV DNA testing. The Pap smear test is cytology-based and involves
microscopic examination of cells taken from the cervix. Although cytological
examination is still the most widely used test worldwide, HPV DNA testing has
been found to have higher sensitivity compared to VIA and Pap smear tests
[111,112]. Additionally, the cost-effectiveness ratio of HPV DNA testing is higher
than other tests. A good cervical cancer screening program should include HPV
DNA testing. It can also be included in screening programs as a co-test along
with the Pap smear. The Pap smear test is gradually being replaced by HPV
DNA testing in screening programs [110]. For patients who test positive in the
screening, especially those who test positive for HPV DNA, additional triage
should be performed to assess their risk. Based on this triage assessment,
patients can be referred for colposcopic biopsy or treatment. Triage can be
conducted visually under acetic acid, through cytological examination, or
molecular tests. Visual examination under acetic acid without biopsy is not
effective in distinguishing pre-cancerous lesions from acute HPV infections [113].
In developed countries, cytological examinations are used to make this
distinction. In molecular triage, p16 and Ki67 are used. Many studies suggest
that women who test positive for p16 and Ki67 should be referred for colposcopy,
while those who test negative should be monitored at specific intervals [113].
Cervical cancer screening strategies in high-income and low-income regions are
summarized in Table 4.

Table 4. Cervical cancer screening strategies in high-income and low-
Income regions

High-Resource Regions Low-Resource Regions
Cytology VIA (Visual Inspection with Acetic Acid)
HPV Test HPV Test

Co-Test Direct Visual Inspection
Sensitivity to Pre-Cancerous Low

Lesions

Follow-Up Interval After Negative Short

Screen

Triage Necessity In suspicious cytology
Definitive Diagnosis Colposcopic Biopsy
Treatment Excision

The frequency and method of cervical cancer screening were recommended in
2023 by the American College of Obstetricians and Gynecologists
(ACOG), the American Society for Colposcopy and Cervical Pathology (ASCCP),
and the U.S. Preventive Services Task Force (USPSTF). According to these
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recommendations, Pap smear testing should be repeated every 3 years, HPV
DNA testing every 5 years, and co-testing every 5 years. No screening is
recommended for individuals under 21 years of age. For those aged 21-29, Pap
smear screening is recommended, while for those aged 30-65, screening with
Pap smear, HPV DNA testing, or co-testing is recommended at the intervals
specified. For individuals over 65, if three Pap smear tests two HPV DNA tests or
two co-tests have been negative within the past 10 years, and there is no history
of CIN 2-3, screening should be discontinued. In hysterectomized patients, if
there is no history of CIN 2-3, screening should also be discontinued [114].
Additionally, in 2020, the American Cancer Society (ACS) suggested that HPV
DNA screening could also be performed for individuals over 25 years of age
[115]. However, this recommendation has not yet been incorporated into current
guidelines. Screening intervals and management strategies vary for patients with
immunodeficiencies, such as those with HIV, systemic lupus erythematosus
(SLE), rheumatoid arthritis, or those who have undergone organ transplantation.

After the co-test, which includes both the Pap smear and HPV DNA test, patients
identified as high-risk are directed to colposcopic examination. Colposcopy plays
a crucial role in evaluating cervical lesions, obtaining biopsies, and conducting
histological examinations. This method became widely used in the 1960s for
identifying pre-cancerous cervical lesions. During the procedure, after the patient
is positioned in the lithotomy position, a speculum is inserted to visualize the
external os, and the transformation zone is observed. Acetic acid is applied and
allowed to sit for 60-90 seconds, after which suspicious areas appear white, and
biopsies are taken from these areas. Subsequently, Schiller's solution, which is
rich in glycogen, is applied. Dark-stained cells indicate non-infected cells, while
lightly stained cells, poor in glycogen, indicate abnormal epithelial cells.

HPV vaccines are a primary preventive measure in the development of
anogenital cancer and in reducing HPV infections. Vaccines play a critical role in
preventing the transmission of high-risk HPV types. Regardless of gender,
administering vaccines disrupts the chain of HPV transmission and helps reduce
the endemic spread of HPV. Even a single dose of the vaccine has a significant
impact on preventing cancer development and reducing the incidence of warts.
HPV vaccines have been developed chronologically as Bivalent (2-valent) for
types 16 and 18, Quadrivalent (4-valent) for types 6-11-16-18, and Nonavalent
(9-valent) for types 6-11-16-18-31-33-45-52-58.

6. CONCLUSION

The World Health Organization (WHO) has published an HPV elimination
program aiming for 2030. This program targets a 30% reduction in cervical
cancer mortality by 2030. The program aims to vaccinate 90% of girls by age 15,
include women aged 35-45 in a robust screening program, and treat 90% of pre-
invasive cancers detected in screening programs. With the anticipated progress
of these targets, the hope is to eliminate HPV-related cancers worldwide by 2090
[116]. According to the recommendations published by the American College of
Obstetricians and Gynecologists (ACOG) in 2020 [117].
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e Two doses of the vaccine are sufficient for individuals under 15 years of
age. For this age group, the second dose should be administered 6-12
months after the first dose, with the first dose being considered as
"month 0."

e  The target vaccination group includes all children, both boys and girls,
aged 11-12 years, although vaccination can start as early as 9 years
old.

e For those over 15 years of age, three doses of the vaccine are required.
In this age group, the second dose should be given in the 2nd month,
and the third dose in the 6th month, with the first dose considered as
"month 0."

e Individuals with immunodeficiency should receive three doses
regardless of age.

e Healthcare workers must be vaccinated.

e In the "catch-up" period, which refers to individuals aged 13-26,
vaccination is recommended regardless of sexual activity status, prior
HPV exposure, or sexual orientation.

e For those aged 27-45, vaccination decisions should be made on an
individual basis, considering the person's situation. While vaccination is
safe in this age group, its benefits are less pronounced compared to
younger age groups. It is especially recommended for individuals who
are not in monogamous relationships or those who have sexually
transmitted infections.

e The FDA does not license the vaccine for individuals over 45 years old.

e Individuals who have already received the quadrivalent (4-valent)
vaccine are not recommended to be re-vaccinated with the nonavalent
(9-valent) vaccine.

e Routine HPV DNA testing before vaccination is not recommended.

e The HPV vaccine is not recommended during pregnancy, nor is it
necessary to conduct a pregnancy test before vaccination. It is
recommended, however, to vaccinate women under 26 years of age
who are breastfeeding and have not been previously vaccinated.

e Children with a history of sexual abuse or assault should be vaccinated
at the earliest possible age (9 years old).

To determine the relationship between the quadrivalent (4-valent) vaccine and
cervical cancer, a study conducted in Sweden between 2006 and 2017 evaluated
the HPV vaccination and the risk of developing invasive cervical cancer among
1,672,983 individuals aged 10-30. The study found that 19 women who received
the 4-valent vaccine developed invasive cervical cancer, compared to 538
women who were not vaccinated. The cumulative incidence of cervical cancer
was 47 per 100,000 individuals for those vaccinated, compared to 94 per
100,000 for those not vaccinated [118].
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ABSTRACT

Background: Extra-pulmonary tuberculosis is a milder form of the disease in
terms of infectivity as compared to pulmonary tuberculosis. Diagnosis of Extra-
pulmonary TB (EPTB) is a challenge.

Aim: The study seeks to assess the sites of extra-pulmonary involvement during
2013-2017 in a tertiary care hospital cum medical college. The study also wanted
to evaluate the role of the Cartridge Based Nucleic Acid Amplification Test
(CBNAAT) in the diagnosis of EPTB and compare its efficacy with AFB Culture.
Methods: A total of 470 EPTB cases were diagnosed between 2013 and 2017
from 840 TB treatment records maintained in designated microscopy centre.
Specific samples from appropriate sites were taken up for smear for AFB,
CBNAAT and AFB culture. The sensitivity and specificity of CB NAAT were also
computed. All the analysis was carried out using standard statistically significant
STATA 15.1.

Results: There was incremental detection and registration in both TB and EPTB
cases from 96 and 50 cases in 2013 to 246 and 150 cases in 2017 respectively.
Among the total 470 EPTB cases in 2013-2017 (55.9%), lymph nodes followed
by pleura and abdomen were the organs having maximum involvement. Bone
involvement was more witnessed in adult males than children (p <0.05). There
was male preponderance. CBNAAT results were 100 % sensitive and 87.5%
specific. Lymph node samples and pus elsewhere in the body had much better
diagnostic yield than serous effusions. The number of patients diagnosed from
2013 revealed a steady increase in numbers till 2017; this is due to improved
awareness among the clinicians and availability of new diagnostic modalities in
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the extrapulmonary presentations and awareness to register in RNTCP services
for availing the services.

Conclusions: EPTB needs a high index of suspicion and judicious invasive
diagnostic tests. Awareness and availability of diagnostic services in tertiary care
institutions have led to increased reporting of EPTB under RNTCP services.
CBNAAT can also be utilized as a point of care testing for lymph node aspirate
and pus specimens.

Keywords: CBNAAT; EPTB; RNTCP; extrapulmonary tuberculosis.

1. INTRODUCTION

Extra-pulmonary TB (EPTB) is defined as a disease involving any other organs
and includes pleural and isolated intrathoracic lymph node TB. This differs from
the terminology for reporting in Canada, which classifies TB as either respiratory
(lungs and the conducting airways, pleural, fibrosis of the lung, bronchiectasis,
pneumonia, pneumothorax, primary, intrathoracic and mediastinal lymph nodes,
isolated tracheal or bronchial, laryngitis, nasopharynx, nose and sinus TB) or
non-respiratory (all other disease sites not listed) [1]. Extrapulmonary
Tuberculosis is a protean disease affecting virtually all the organs. It is common
in the low socioeconomic section of the population [2]. The impact of TB is higher
with greater involvement of extra-pulmonary organs in this vulnerable population
[3,4]. TB infections affect the lungs in the majority of patients, namely pulmonary
tuberculosis (PTB), and also frequently occur in extrapulmonary sites, such as
the intestine, meninges, bones, joints and Ilymph nodes, resulting in
extrapulmonary tuberculosis (EPTB) [5].

Globally around 10.4 million people contract tuberculosis [6]. Of these in India,
there were an estimated 2.8 million new cases and 0.48 million deaths due to TB
in 2015 [7]. The incidence rate of TB is 167(156-179)/1 lakh/year. In 2014-
number clinical diagnoses of new PTB and EPTB were 3,43,032 and 1,12,066,
respectively. It is a cause for concern in India [8,9].

Extra-pulmonary tuberculosis is a milder form of disease in terms of infectivity as
compared to pulmonary tuberculosis. It is common in people living with HIV and
AIDS and also witnessed in malnutrition victims.

Prevalence is also higher in the paediatric age group [10]. Better diagnostic
availability has led to increased reporting of the disease. Following the
haematogenous spread of bacilli during primary pulmonary infection, EPTB may
develop later in any anatomic location [11]. Once the diagnosis has been
considered, confirmation can be difficult, with sample collection from deep-seated
tissues being challenging and the disease typically being pauci-bacillary [9].

In April 2017, Indian EPTB guidelines were developed as an evidence-based
practice for suspecting, diagnosing and managing EPTB in medical care
services. CBNAAT (Xpert MTB/RIF) is a commercially available test for M.
tuberculosis complex (MTB) which uses polymerase chain reaction (PCR) to test
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specimen for genetic material specific to MTB and simultaneously detects a gene
(rpoB) which confers resistance to rifampicin [12,13].

This diagnostic facility is available at the Regional Medical Research Centre
(ICMR), Bhubaneswar. Both respiratory and non-respiratory specimens are
accepted for the CBNAAT study [9]. Kalinga Institute of Medical Sciences
(KIMS), a tertiary care centre caters to the health needs of the local population
residing in its vicinity. It has a designated microscopy centre.

The authors, in this study, wanted to evaluate the site predilection, and
demographics of EPTB involvement. The diagnostic utility of CBNAAT in extra-
pulmonary specimens was also evaluated, which is the first of its kind in Odisha
after its clinical utility in TB Control Programme in 2017 [9].

1.1 Primary Objective

To study the pattern of extra-pulmonary TB diagnosed in the clinical suspects
who attended KIMS, Bhubaneswar for evaluation.

1.2 Secondary Objective

To evaluate the diagnostic utility of CBNAAT in extra-pulmonary specimens in
selected cases in 2017.

2. METHODS

Extra pulmonary tuberculosis refers to any bacteriologically confirmed or clinically
diagnosed case of tuberculosis involving organs other than the lungs e.g. pleura,
lymph node, abdomen, genito-urinary tract, skin, joint and bones, meninges etc.
The study period was EPTB cases diagnosed during 2013-2017 [9].
Retrospective study from the medical records of diagnosed cases in our institute
during above mentioned period. Considering the incidence rate of TB in India 167
(156-179) per one lakh population per year with a proportion of EPTB TB cases
around 15%-20%, the sample size would be around 175 cases over 5 year
period. However initial scrutiny of records during 2013-2017 revealed around 470
EPTB cases were diagnosed and registered for treatment.

2.1 Inclusion Criteria

RNTCP registered eligible EPTB cases residing around the vicinity of KIMS
(designated microscopic centre).

2.2 Exclusion Criteria

e Cases with pulmonary involvement
e Cases with HIV co-infection.
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The cases satisfying the inclusion criteria only were considered in the study.
These cases were mainly diagnosed by imaging techniques such as Chest X-ray,
Ultrasound, CT and MRI scans, FNAC and smear for AFB and histopathological
study of biopsy material from the involved organs [9].

All the cases were diagnosed by concerned consultants as per the investigations
mentioned above and referred to the DOTS center for registration. All the cohorts
were followed for full completion of the chemotherapy under supervision and the
outcome was recorded.

The five-year data of the cases were collected from inpatient and outpatient
department records and the DOTS centre at KIMS including demographics,
clinical presentation, and treatment outcome. The cases for which CBNAAT was
performed for diagnosis were considered as a subgroup in the study [9].

2.3 Statistical Analysis

Summary statistics for all the categorical clinical parameters were presented as
frequency and percentage. As the subgroup sample size is very small,
categorical characteristics were compared between the two groups using
Fisher's exact test. The sensitivity and specificity of CB NAAT were also
computed [9]. A p value of <0.05 was considered statistically significant. All the
analysis was carried out using standard statistically significant STATA 15.1.

3. RESULTS

The number of cases of tuberculosis and EPTB cases registered in 2013 were
96 and 50 respectively, which has increased to 246 and 150 in the year 2017
(Table 1) [9].

Among 840 cases registered for treatment, 470 (55.90%) had EPTB. Among the
EPTB cases, males constituted 54.6% (257 cases) compared to 45.6% females
(213 cases) (Table 3). The major site predilection was in the following sequence:
lymph node (249, 52.9%) followed by pleura (122, 24.9%), abdomen (40, 8.5%),
spine (24,5.2%), bone (18, 3.9%), eye (9, 1.9%), disseminated (5,1%) and CNS
(3, 0.7%) (Table 2) [9].

The lymph node and pleura were the most commonly affected extra-pulmonary
organs in both age groups. Tuberculosis of the spine, bone, and abdomen was
more commonly encountered in more than 15 yrs age group (21,13 and 25 cases
respectively) than 4-14 yrs age group. Tuberculosis of the Eye was more
witnessed in the age range of more than 15 years (6 cases) than in 4-14 years of
age (3 cases) (Table 4) [9].

Pleural fluid was the most common sample for which CBNAAT was performed
(38.1%) followed by lymph node aspirate (23.8%) [9].

Lymph node aspirates and pus provided the highest CBNAAT-positive cases
(Table 5) [9]. All the samples were put for mycobacterial culture. The sensitivity
and specificity of CBNAAT against culture were detected to be 100% and 87.5%
respectively (Table 6) [9].
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Table 1. Year-wise distribution of cases in the percentage of involvement of extrapulmonary sites

Year No. of TB No. of EPTB % LN Pleura Spine Bone and Abdomen n% Disseminated Eye CNS
cases cases % % % joint % % % %
registered registered

2013 96 50 52 42 32 4 2 6 4 8 2

2014 109 76 69 60 21 0 1.3 13 1.3 - 2.6

2015 176 80 46 80 10 - 1 3.7 24 - -

2016 213 114 53 39 30 8.7 4.3 14 - 2.6 -

2017 246 150 60 48 30 8 6.6 5 2 - -

Table 2. Site of Involvement of extra-pulmonary TB (2013-2017)

Site No. of ex-pulmonary TB case Frequency Percentage (%)
registered

Lymphnode 470 249 52.9

Pleura 470 122 25.9

Spine 470 24 5.2

Bone 470 18 3.9

Abdomen 470 40 8.5

Disseminated 470 5 1

Eye 470 9 1.9

CNS 470 3 0.7
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Table 3. Site of involvement in EPTB sites in relation to gender (2013-2017)

Site Male Female Total

Lymphnode 134 (53.8%) 115 (46.2%) 249

Pleura 66 (54%) 56 (46%) 122

Spine 14 (58.3%) 10 (41.7%) 24

Bone 11 (61%) 7 (39%) 18

Abdomen 22 (55%) 18 (45%) 40

Disseminated 3 (60%) 2 (40%) 5

Eye 5 (55.5%) 4 (44.5%) 9

CNS 2 (66.6%) 1 (33.4%) 3

Table 4. Site predilection in relation to age and gender (n=470)

Pattern LN Pleura Spine Bone Abdomen Disseminated Eye CNS Total
Total 42 42 3 5 15 3 3 1 114

4-14yrs Male 24(36.9%) 22(33.8%)  2(3.1%) 3(4.6%)  9(13.8%) 2(3.1%) 2(3.1%)  1(1.54%) 65
Female 18 (36.7%) 20(40.8%)  1(2.0%) 2(4.1%) 6(12.2%) 1(2.0%) 1(2.0%) 0(0.0%) 49
p-value  0.984 0.445 1.00 1.00 0.802 1.00 1.00 1.00
Total 207 80 21 13 25 2 6 2 356
Male 110(56.4%)  44(22.6%) 12(6.1%) 11(5.6%) 13(6.7%) 1(0.5%) 3(1.5%)  1(0.5%) 195

215yrs Female  97(60.2%) 36(22.4%)  9(5.6%) 2(1.2%) 12(7.4%) 1(0.6%) 3(1.9%)  1(0.6%) 161
p-value  0.465 0.963 0.822 0.043 0.772 1.00 1.00 1.00

Grand total 249 122 24 18 40 5 9 3 470

* p<0.05 is significant
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Table 5. CBNAAT results from extra-pulmonary samples

Site
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Table 6. Diagnostic indices of CB NAAT compared with the AFB culture

AFB culture (positive) AFB culture (negative) Total
CB NAAT Positive 7 7 14 Sensitivity=100%
CB NAAT Negative 0 49 49 Specificity= 87.5%
Total 7 56 63
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Of 470 cases registered for DOTS, CAT | regimen was advised for 422 cases
while the CAT Il regimen was prescribed for 48 cases respectively. Among the
CAT | regimen prescribed for 422 cases, 415 (98.3%) were declared treatment
completed while 7 (1.7%) defaulted. In the case of the CATII regimen prescribed
for 48 cases, 37(77%) were declared treatment completed, 8 (16.7%) defaulted
and 3 (6.3%) died (Table 7) [9].

Table 7. Treatment outcome 2013-2017

Total Completed treatment Default Death
CATI 422 415 7
CAT Il 48 37 8 3

4. DISCUSSION

The study was done to evaluate the pattern of extrapulmonary TB over a 5 years
period. The number of patients diagnosed from 2013 revealed a steady increase
in numbers till 2017; this is due to improved awareness among the clinicians and
availability of new diagnostic modalities in the extrapulmonary presentations and
awareness to register in RNTCP services for availing the services. Similar results
were reported by Pandit S et al. [14]. The role models played by medical colleges
cannot be over-emphasized as they are pioneers in the RNTCP framework [9].
Involvement of extra-pulmonary sites as a percentage of total TB cases
registered was much higher than the RNTCP National data of 15-20 percent.
Similar observations were reported by Gonzalez et al, (538 EPTB cases out of a
total of 1878 tuberculosis cases), Aysel Sunnectcioglu et al, (49.4% EPTB
cases), Tahir et al, (722 EPTB cases out of 1490 TB cases) [15-17].

Among the total EPTB cases lymph node involvement was highest at about
52.9% followed by pleura (25.9%); this raises the possibility that higher
transmission of infection during early years of life compounded with malnutrition
and overcrowding had been responsible for these outcomes [9]. Similar
observations were reported from the study by Maltezou HC et al, in their
assessment of 102 children with extra-pulmonary tuberculosis where they found
not only a 50% increase in admission for EPTB cases over the past decade but
also that the majority had superficial lymphadenitis (n=48) and pleural effusion
(n=27) [18].

EPTB was more witnessed in males (54.6%) than females (45.4%). Similar
observations were made in the study by Ramaprakash et al, who documented
51.52% of males and Mavila R et al, who reported 112 (59.9%) males as
sufferers of extra-pulmonary TB [19,20,9]

In the present series, lymph node involvement was the most common site
(52.9%) followed by pleura (25.9%). Similar results were reported by llgazli et al,
who witnessed 56.3% lymph node involvement followed by 31.1% pleural
involvement out of 636 cases with EPTB [21].
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CBNAAT results of the EPTB specimen revealed higher diagnostic yield from
lymph node aspirate and pus compared to no detection from pleural fluid, CSF
and peritoneal fluids [9]. This could be explained by the hypersensitivity
phenomenon; because few organisms are present in the pleural space, this is a
Cell-Mediated Immunity phenomenon. In such cases, pleural fluid culture results
are positive in 20-40% of patients with proven tubercular pleuritis [22,23].
However, in our series, the overall CBNAAT sensitivity was 100% and specificity
was 87.5%.

Denkinger et al, in a meta-analysis identified 18 studies involving 4461 samples,
where they found Xpert sensitivity differed substantially between sample types. In
lymph node tissues or aspirates Xpert pooled sensitivity was 83.1% (95% ClI
71.4-90.7%) versus culture and 81.2% (95%CI 72.4-87.7%) versus composite
reference standards (CRS). In pleural fluid sensitivity was 46.4% (95% CI, 26.3-
67.8%) against culture and 21.4% (95% CI 8.8-33.9%) against CRS. CSF
sensitivity was 80.5% (95% CI 59.0-92.2%) against culture and 62.8% (95% CI
47.7-75.8%) against CRS [9]. Xpert pooled sensitivity was consistently 98.7%
against CRS across different sample types [24].

Similarly, a study by Lawn SD et al, revealed sensitivity of CBNAAT exceeded
75% for tissue biopsies and fine needle aspirate (88.3%; 95% CI: 82-95) gastric
aspirate (78.7%; 95% CI: 68-89), pus samples (87.3%; 95% CI:67-100), CSF
(85.7%;95% CI: 67-100) and urine (87.5%;95% CIl :71-100). The lowest
sensitivity was observed in pleural fluid samples (44.4%; 95% CI: 21-67), and
other body fluids including pericardial, peritoneal and synovial fluids (50%; 95%
Cl: 19-81) [25,9]

The limitation of the study was a greater number of cases to undergo the
CBNAAT test for better diagnostic predictability.

5. CONCLUSION

EPTB needs a high index of suspicion and judicious invasive diagnostic tests.
There was a high detection rate of EPTB cases over a five-year period. Lymph
nodes followed by pleura, abdomen and bone were the most common sites of
involvement. Male preponderance was noticed. CBNAAT had a high diagnostic
yield in cases of lymph node aspirates and pus [9]. Thus, CBNAAT can be
utilized as a point of care testing in these samples.
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ABSTRACT

Background: Imaging modalities have advanced both clinical practice and
research by providing a systematic method for differentiating phenotypes of
human BC that diverge from what is considered normal, that is, having low bone
mass (osteopaenia/osteoporosis), low muscle mass (sarcopenia high-fat mass,
obesity), or high-fat with low muscle mass (sarcopenic obesity). Applications of
imaging technology modalities have accumulated evidence that individual
components of body composition (BC) have significant influences on chronic
disease onset, disease progression, treatment responses, and health outcomes.
Objective: This study analyzed the currently available body imaging techniques
and their applications in clinical practice and medical research.

Methods: To review the various body imaging techniques and their applications
in clinical practice and medical research, Medline, PubMed, Google Scholar,
Research Gate, and other databases were searched. Furthermore, references to
selected studies and documents available in different libraries were also
searched. Many comprehensive reviews have been published on assessing BC
using various imaging methods.

Findings: Imaging modalities have provided a systematic method for
differentiating phenotypes of BC that diverge from normal, i.e. having low bone
mass (osteopenia/osteoporosis), low muscle mass (sarcopenia), high-fat mass
(obesity), or high fat with low muscle mass (sarcopenic obesity). Tremendous
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advances have been made over the past decades in the sensitivity and quality of
imaging techniques such as Duel-Energy X-Ray Absorptiometry (DXA),
Computed Axial Tomography (CT), Ultrasound (US), Magnetic Resonance
Imaging (MRI), Magnetic Resonance Spectroscopy (MRS), Positron Emission
Tomography (PET), Bioelectrical Impedance Analysis (BIA) etc. Advances in
DXA, CT, and US techniques have increased their applications in assessing
adipose and lean tissue in various body deposits. US has become one of the
most convenient imaging methods that have emerged for quantifying tissue
amounts and types, due to widespread availability in clinical practice. These
imaging techniques have been useful in differentiating layers or depots within
tissues and cells enhancing our understanding of distinct mechanistic, metabolic,
and functional roles of BC within human phenotypes.

Conclusion: In the present overview, focus was given on the DXA, CT, and US
for use in clinical practice and biomedical research relevant to future investigation
of human BC and how they may be applied to remedy the pandemic of obesity,
diabetes, and metabolic syndrome.

Keywords: Imaging techniques; bioelectric impedance analysis; computed axial
tomography; ultrasonogram.

1. INTRODUCTION

Medical imaging is the process of visual representation of the structure and
function of different tissues and organs of the human body for clinical purposes
and medical science for the detailed study of normal and abnormal anatomy and
physiology of the body. Medical imaging techniques are used to show internal
structures under the skin and bones, as well as to diagnose abnormalities and
treat diseases [1].

The human body comprises more than thirty measurable components. A direct in
vivo measurement of body components is currently not possible; consequently,
indirect methods and models have been developed to do that [2]. The importance
of understanding body composition (BC) in clinical practice and research has
been increasingly recognised over the past decades, along with substantial
progress in measuring body composition using sophisticated imaging
methodologies. These advances have been partly driven by the increasing
evidence that individual components of BC have a significant influence on
chronic disease onset, disease progression, treatment response, and health
outcomes. Moving toward individualized medicine, specific measures of body
composition could greatly advance our understanding of obesity, metabolic
health, aging, and chronic diseases [3]. It has been revealed that, even within a
disease state, there is wide variability with regard to the role of BC [3,4]. Further,
the BC response to treatment, whether dietary, pharmaceutical, or surgical, may
vary owing to individual phenotype characteristics, including genetic traits,
gender, and race [5]. Unfortunately, anthropometric methods, i.e. body mass
index (BMI), waist circumference, or waist-hip ratio, and available clinical tools to
assess body composition, i.e. girth tape measures, skin fold callipers, or
bioelectric impedance machines, are unable to precisely specify components of
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BC (e.g. visceral versus subcutaneous adipose tissue (SAT) or ectopic fat in
tissues and organs) and thus, are limited in providing the information necessary
to target preventative or treatment strategies to improve health or reduce the risk
that is phenotype specific [6-9,10].

Imaging modalities have advanced both clinical practice and research by
providing a systematic method for differentiating phenotypes of human BC that
diverge from what is considered normal, that is, having low bone mass
(osteopaenia/osteoporosis), low muscle mass (sarcopenia high-fat mass,
obesity), or high-fat with low muscle mass (sarcopenic obesity) [8]. Within the
body, imaging methods can provide information about the spatial distribution of
tissues and organs based on differences in their tissue and molecular properties
that may be acquired as two-dimensional (2D) projections using a dual-energy X-
ray absorptiometry (DXA) scanner or 2D or three- dimensional (3D) image
volumes using computed axial tomography (CT) or magnetic resonance imaging
(MRI) or positron emission tomographic (PET) scanners or bioelectric impedance
analysis (BIA) or ultrasound (US). Magnetic resonance spectroscopy (MRS)
provides detailed information about the actual composition of signals from
metabolites within a volume of tissue. The accuracy for distinguishing tissue type
and amount depends on the sensitivity of a particular imaging method with
regard to contrasting tissues and the spatial resolution of the employed modality,
as well as the speed and stability with which images are acquired [11-14,8]

Many comprehensive reviews have been published on assessing BC using
various imaging methods [7,14,15]. A detailed review of the principles of each
method, as well as their respective, strength and limitations, is beyond the scope
of the present article. Here, we present an overview of advancements occurring
in imaging technologies such as DXA, CT, and US that show strong promise for
future applications in the investigation of obesity and metabolic syndrome that
impair health and nutritional status [8].

2. DUAL-ENERGY X-RAY ABSORPTIOMETRY (DXA)

In organizing research on BC, it has been suggested that the human body
comprises more than thirty measurable components. As in vivo measurement of
body components directly is not possible currently, indirect methods and models
have been developed for this purpose [16,17]. Although originally designed for
determining bone mineral density and diagnosing osteoporosis and other bone
diseases, DXA is also used to assess fat and fat-free soft tissue. DXA measures
the absorption (attenuation) of two X-ray photon energies, typically near 40 and
70 KeV which allows for the distinguishing of bone from soft tissue (high
attenuation for bone and low attenuation for fat).

After excluding pixels that represent bone tissue, DXA estimates fat from the
proportion of fat to lean soft tissue in each pixel of a whole body image based on
X-ray attenuation [8]. It is assumed that when estimating fat and lean soft tissue,
the percentage of pixels that are excluded as bone does not differ from one area
of the body to another. Additionally, DXA estimation of fat tissue may be
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influenced by conditions where the ratio of extracellular to intracellular water
varies (e.g. due to oedema, infancy, or aging), as it is assumed that the hydration
of lean soft tissue remains constant. However, in normal, healthy conditions, a
change in hydration of 5% influenced fat estimation by only 11.5%. An additional
consideration in obese persons is that body thickness (>25 cm) can result in an
underestimation of fat mass [18,19,8]

DXA is used in people of all ages owing to its relatively low ionizing radiation
exposure (-1 mSv per scan), although it is recommended that DXA not be
performed during pregnancy. Comparison to the in vivo gold standard four-
compartment model has demonstrated the accuracy of DXA for assessing the
percent of fat within the body (+5%) as well as changes in body fat over time.
Within-individual test coefficients of variation of <3% for fat and lean mass have
demonstrated the reliability of DXA measures in obese children and adults.
Hence, DXA has been utilized extensively, including for the development of body
composition reference values from National Health and Nutrition Examination
Survey data. In contrast to anthropometric measures (i.e. waist circumference or
waist-hip ratio, which correlate well with the progression of atherosclerosis and
cardiometabolic risk), the use of regional distribution of fat mass by DXA in obese
individuals first provided recognition of the differential risk from excess fat
accumulated in the android versus the ganoid regions of the body [8]. Even in
children and adolescents, greater android fat was shown to be significantly and
independently associated with elevated serum triglycerides, reduced HDL
cholesterol levels, and higher systolic blood pressure. Another contribution from
DXA has been identifying differences in body fat patterns by race and ethnicity
[20-24].

In considering the importance of measuring visceral adipose tissue (VAT) volume
or mass, it is remarkable that over half of US non-Hispanic males, 63% of US
non-Hispanic females, and 75% of Hispanic adults have a level of abdominal
obesity that is associated a fivefold increased risk for coronary heart disease.
Several studies have demonstrated that ethnicity influences susceptibility to the
adverse cardiometabolic effects of VAT. Although the prevalence of diabetes is
50% greater and coronary heart disease is 20% greater when comparing African
Americans to non-Hispanic whites, African Americans seem to be more prone to
accumulating SAT than VAT [8]. In contrast, Asians-even those with BMI in the
range of normal weight-accumulate larger amounts of VAT than whites who have
similar waist circumference [25-27].

DXA measurement is becoming increasingly important due to its advantages in
terms of accuracy, simplicity, availability, relatively low expense, and low
radiation exposure. DXA systems are practical, require no active subject
involvement, and impose minimal risk [28-31,8] Therefore, DXA is gaining
international acceptance and emerging as the current reference method for the
assessment of BC, mainly because it provides accurate estimates of bone
mineral, fat and lean soft tissue, the so-called three-component model. In
addition, DXA is capable of supplying estimates of visceral fat using validated
predictive algorithms and provides a measure of truncal fat mass, which was
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found to be predictive of disease risk [13,28-31]. Although there are no
contraindications reported to the use of DXA in clinical practice except
pregnancy, it should not be performed more than twice a year [13,32-34].
However, uncertainty regarding the accuracy of DXA body composition
measures, particularly in individuals at the lower and upper ranges of BMI,
indicates that other imaging modalities may be more suitable choices depending
on the research/clinical question or population group being addressed [17,25-
27,8]

3. COMPUTED AXIAL TOMOGRAPHY (CT)

Computed axial tomography (CT) maps X-ray attenuation characteristics of
tissue, which are determined by the elemental composition (electron density) of
the tissue through which X-rays pass. Using X-ray measurements from a large
number of projection view angles, cross-sectional images (tomograms) are
reconstructed, providing a 2D or 3D map of pixels that are given a numerical
value (Hounsfield unit) where 0 is assigned to water and -1000 is assigned to air;
lower numbers represent lower electron density. Thus, values of adipose tissue
density typically fall in the range of 30 to -190 Hounsfield units [8]. However,
since whole body composition can be estimated from a single cross-sectional
image or slice, where the radiation dose is closer to 2.7 mSv for quantifying liver
fat and as low | mSv for quantifying abdominal fat, there is renewed interest in
using CT scans for body composition research. In addition, advances in CT
scanner technology and reconstruction algorithms, particularly with diagnostic
cardiac CT, are not only improving image quality but also reducing radiation
exposure in people of all body sizes by constraining image reconstruction to
avoid artifacts and using sophisticated technigues that reduce radiation exposure
throughout the scan [32-34,8]

An important contribution of CT imaging has been elucidating relationships
between VAT, insulin resistance, and cardiometabolic risk, both in persons who
are obese and those who are normal weight but “metabolically obese.” Indeed,
anthropometric measures such as waist circumference, waist-hip ratio, or even
percent body fat are not as robust in predicting cardiometabolic dysfunction when
BMI falls within the range of normal or underweight [8]. The use of CT to
measure adipose tissue distribution among individuals with obesity has also
identified sex and race/ethnicity differences. Not only is the proportional amount
of VAT to SAT different with regard to sex and race/ethnicity, but it appears that
accumulation of VAT is more robustly associated with insulin resistance in
individuals of European and Asian descent, while insulin sensitivity in persons of
African descent may be more greatly influenced by accumulation of excess SAT.
Application of CT has also expanded our understanding of the strength of the
relationship between the largest component of total body fat, SAT, and insulin
resistance [35-37,8]. A major contribution of body composition research has been
advancing our understanding of whether changes in adipose tissue depots from
weight loss interventions have differential effects on components of
cardiometabolic disease. It is understood that weight loss in overweight or obese
persons, including those with metabolic syndrome, diabetes, or cardiovascular
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disease, can improve various risk factors including blood pressure, dyslipidemia,
and insulin sensitivity. Improved insulin sensitivity after weight loss from
consumption of very low-calorie diets and from gastric surgery has been strongly
associated with reduced VAT measured by CT [8]. Moreover, when considering
macronutrient composition (e.g. low fat versus high fat) of very-low-calorie diets,
CT measures show no difference by diet type for the amount of VAT loss,
suggesting that the relative amount of a particular macronutrient may not be the
driving factor in achieving weight loss [38,39].

In addition to differentiating layers of adipose tissue depots; determining the
quantity of fat deposition in the liver and skeletal muscle (ie ectopic lipid) has
become of great interest, primarily due to its relationship with insulin resistance.
Moreover, accumulation of hepatic lipids leads to inflammation, cirrhosis, and,
ultimately, liver failure as seen in the most common liver disease in the United
States, nonalcoholic fatty liver disease (NAFLD) [8]. Being a noninvasive method,
compared to liver biopsy, CT attenuation is used to evaluate the degree of
hepatic steatosis. CT data from Framingham Heart Study subjects showed
reproducibility of single-slice abdominal scans (r= 0.98) for quantifying fatty liver.
Greater awareness of the importance of maintaining muscle mass in health and
disease has stimulated the use of scans that have been acquired in patient
populations, typically as part of standard medical diagnosing and assessment of
treatment response, to investigate the role of body composition in disease and
treatment outcomes. Indeed, CT measurement of skeletal muscle attenuation,
which reflects intramuscular adipose tissue (IMAT) accumulation, may be as
robustly associated with insulin resistance as VAT [8]. CT measurement of IMAT
provides information on the effectiveness of interventions (diet, exercise, surgery)
in various muscle groups, offering insight into the potential of such interventions
for altering the physical and physiologic effects of obesity, disease and aging [40-
42].

Moreover, CT images acquired as part of routine clinical practice are being used
to determine the relationships between loss of skeletal muscle mass (sarcopenia)
and efficacy or toxicity of pharmacologic therapy, as well as the outcomes of
surgical treatments. Skeletal muscle content from slices acquired at the
anatomical region of the third lumbar (L3) vertebra rightly correlated with whole-
body muscle volume (r = 0.71-0,92100) [8]. Further advancing the potential of
exploiting single-slice CT images, both manual and automated software
programs have been developed for the segmentation of muscle, VAT and SAT
Cross-sectional area of VAT and SAT, quantified from a single CT slice, are
strongly correlated with whole-body measures in persons of various ages, race/
ethnicities, and BMI (r= 0.84-0.96 for whole- body adipose tissue volume). This
information is highly useful, as sarcopenic obesity (i.e. having the double burden
of low skeletal muscle mass and high-fat mass) is increasing in the general
population. Currently, the contribution of sarcopenic obesity to cardiometabolic
disease risk is unclear, particularly due to the limitation of having no established
criteria or cut points to classify individuals [8]. Although some epidemiological
investigations have not detected an association between sarcopenic obesity and
cardiovascular risk, a low skeletal muscle-to-VAT ratio has been associated with
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metabolic syndrome and arterial stiffness (via pulse-wave velocity) in otherwise
healthy adults [43-45].

Recent advances in imaging modalities have been useful in early detection of
severity and complications of metabolic syndrome thus reducing morbidity and
mortality from it [36,8] This early detection has been helpful in monitoring target
organ injury and in turn developing novel therapeutic targets to alleviate and
avert them. In particular, using CT to assess metabolic syndrome reported that
accumulation of VAT is the best predictor of metabolic syndrome in women and a
good predictor of metabolic syndrome in men [45-47].

4. ULTRASOUND (US)

Ultrasound (US) is likely the most convenient imaging method that has emerged
for quantifying tissue amounts and types, due to its widespread availability in
clinical practice (where it is used for purposes of diagnosis and treatment
response), portability, and relatively low cost. The US transducer produces sound
waves that reflect off tissues, making echoes that are converted into signals for
processing [8]. The amount of sound reflected is determined by the acoustic
impedance between tissues; while air has relatively no impedance, bone has a
relatively high impedance (0.78 g/cm/s) and adipose and lean tissue have
impedances of 0.138 and 0.170 g/c/s, respectively. Measurement of mesenteric
fat thickness by the US is strongly associated with cardiovascular risk factors in
healthy young adults, but a comparison of US measures for adipose tissue (VAT
and SAT) to those acquired by CT suggests that, while there is a strong
correlation with VAT, there may be less accuracy and reliability with
measurement of SAT [8]. However, US-detected changes in total body fat after
weight loss were comparable to DXA measures in obese adolescents [48,49].

Dysregulation of the human’s energy balance, mediated by non-performing
endocrine organs (liver, skeletal muscle, adipose tissue, etc. can be related to
human metabolic disorders characterized by an impaired BC such as obesity and
sarcopenia [8,50,51]. The US, a fast, non-invasive, low-cost, and widely available
imaging technique, holds great potential in the study of BC. The US can directly
measure muscles, organs, and visceral and subcutaneous fat tissue in different
sections of the abdomen and body, overcoming some limits of anthropometric
evaluation and other imaging techniques [52,53]. US examination has the
potential role in the context of BC characterization, investigating four pivotal
topics i.e. abdominal fat compartments, SAT, skeletal muscle, and liver
[49,54,8,55,56].

5. CONCLUSION

Advances in DXA, CT, and US technigues have increased their applications in
assessing adipose and lean tissue in various body deposits. DXA is gaining
international acceptance and emerging as the current reference method for the
assessment of BC. CT measurement of IMTA provides information on the
effectiveness of interventions (diet, exercise, surgery) offering insight into the
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potential of such interventions for altering the physical and physiological effects
of obesity, disease, and aging [8]. US has become one of the most convenient
imaging methods that has emerged for quantifying tissue amounts and types,
due to widespread availability in clinical practice. Measurement of mesenteric fat
thickness by the US is associated with cardiovascular risk factors in healthy
young adults and there may be less accuracy and reliability with the
measurement of SAT compared to VAT. However, US-detected changes in total
body fat after weight loss were comparable to DXA measures in obese
adolescents. Thus, biomedical imaging modalities have improved the ability to
assess adipose and lean tissue in various body depots, have increased the
availability of imaging modalities in clinical and research settings, have reduced
scanning time and subject burden, and have lowered some of the cost of imaging
[8]. These advances have enhanced our understanding of the multifactorial and
complex nature of obesity, metabolic syndrome, and the development of diabetes
and cardiovascular disease. However, applications of other imaging modalities
may be considered also depending on the research clinical question or
population group addressed.
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ABSTRACT

Introduction: The incidence of renal cell carcinoma has been increasing in
recent years. The primary techniques for the treatment of these tumours are
cryoablation, radiofrequency ablation, percutaneous ethanol injection, and
microwave ablation. Computed tomography (CT)-guided percutaneous
cryoablation is increasingly utilized for renal cell carcinoma. Bowel injury is a
known complication but is extremely rare. This study presents a rare case of
colorenal fistula after cryoablation of a left renal tumour.

Presentation of Case: A 58-year-old man with no significant history was
diagnosed with left renal carcinoma A left renal tumour was incidentally found on
an abdominal CT examination performed for a slight increase in transaminases.
Abdominal ultrasonography revealed a 31 x 32-mm solid, well-defined, cortical
tumour at the lower pole of his left kidney. The patient was asymptomatic and
had no distant metastasis. The decision was made to treat the tumour with
percutaneous cryoablation, with a good response to the technique. Two months
later, the patient had recurrent urinary tract infections and pneumaturia. In the
absence of improvement with antibiotic treatment, CT was performed and
revealed a fistula connecting the descending colon and renal parenchyma. The
decision was made to perform surgery to repair the defect caused by
percutaneous cryotherapy. The patient recovered from surgery and was
discharged with no complications.

Discussion: To reduce the adverse effects of radical or partial nephrectomy and
preserve renal function, percutaneous ablation techniques have been developed.
Internal injury is a known complication and it is particularly common in cases of
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renal tumours located in the upper and anterior kidney. The diagnosis is based
on symptoms and imaging. Most colorenal fistulas have been treated
conservatively with good results.

Conclusion: Cryoablation of renal tumours is a safe, low-risk procedure, but
recurrent urinary tract infections and pneumaturia may indicate a colorenal
fistula, with conservative treatment preferred and surgery reserved for persistent
cases. If possible, conservative medical treatment should be used,

reserving surgery for complicated or persistent colorenal fistulas.

Keywords: Colorenal fistula; cryoablation; renal tumour; urinary tract infection;
pneumaturia; fistulectomy.

1. INTRODUCTION

In the past two decades, there has been an increase in the number of diagnosed
renal cell carcinomas (RCC) due to incidental detection of small renal tumours
resulting from increased use of computed tomography (CT) scanning. Though
renal cell carcinoma (RCC) accounts for 2% of global cancer diagnoses and
deaths, it has more than doubled in incidence in the developed world over the
past half-century, and today is the ninth most common neoplasm in the United
States [1,2]. This work has been reported in line with the SCARE criteria [3]. This
study presents a rare case of colorenal fistula after cryoablation of a left renal
tumour. The Surgical Case Report (SCARE) guidelines were introduced in 2016
as a standardised method for reporting surgical cases in the medical literature
[4]. Percutaneous ablation techniques are now used to treat some solid visceral
neoplasms [5]. These techniques include radiofrequency, cryoablation, and
microwave ablation. A variety of different imaging modalities have been used for
guidance for ablation, including ultrasound (both percutaneous and
intraoperative), computed tomography (CT), CT fluoroscopy, magnetic
resonance imaging (MRI), and, occasionally, plain films/fluoroscopy. The
modality used for guidance is heavily influenced by both the location of the
tumour and the local availability of equipment [6]. For small renal tumours,
cryoablation offers promising results with a low complication rate [7,8].
Complications are a potential risk with any invasive procedure and although
bowel injury is a known complication of the technique, it is extremely rare [9,10].

2. PRESENTATION OF CASE

A 58-year-old man with no significant history was diagnosed with left renal
carcinoma. Although asymptomatic, he underwent abdominal ultrasonography
due to a slight increase in transaminases, which revealed a 31 x 32-mm solid,
well-defined, cortical tumour at the lower pole of his left kidney [6].
Thoracoabdominal computed tomography (CT) confirmed the presence of a 35-
mm, well-defined, heterogeneous, anterior mesorenal mass with increased
uptake and malignant appearance in the left kidney, but no extracapsular
extension, fat infiltration, or perirenal adenopathy. The study was completed with
urinary cytology, which proved negative for urothelial tumour cells. The decision
was made to treat the tumour with percutaneous cryoablation (Fig. 1) [6]. During
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the cryoablation technique, there was suspicion of a possible intestinal
perforation seen on CT. Therefore, abdominal ultrasonography was performed,
but no changes were identified. Two months later, he developed recurrent urinary
tract infections, with pneumaturia and urine culture positive for Escherichia coli,
which did not improve despite antibiotic therapy. An abdominal CT with
intravenous contrast was performed, which revealed a segment of the
descending colon in contact with the anterior face of the left kidney, with air
bubbles in the renal parenchyma, left renal calyces, and bladder (Fig. 2) [6]. He
was diagnosed with a colorenal fistula after cryoablation. The possibility of
performing a CT urography was considered to complete the study, but the patient
rejected the test. In view of the failure of medical treatment (antibiotics), surgery
was performed with laparoscopy. The colorenal fistula was located in the
descending colon, as revealed on CT (Fig. 3) [6]. The colon was released from
the renal parenchyma with scissors and monopolar coagulation. Both the renal
and colonic orifices were sutured with absorbable monofilament stitches and
omental transposition was performed. Intestinal resection was not necessary
because of the good condition of the colon and a double J stent was not placed.
The patient was discharged with no complications. He remains asymptomatic
and has negative urine cultures.

Fig. 1. Percutaneous cryoablation monitoring of the cortical tumour at the
lower pole of the left kidney using computed tomography
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Fig. 2. Abdominal CT with intravenous contrast. Left colorenal fistula after
renal tumour cryotherapy

Fig. 3. Left colorenal fistula viewed on laparoscopy
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3. DISCUSSION

The incidence of renal cell carcinoma has been increasing in recent years. The
preferred treatment has been radical or partial nephrectomy. To reduce the
adverse effects of the procedure and preserve renal function, percutaneous
ablation techniques have been developed for the treatment of these tumours with
excellent results [5,6]. The primary techniques are cryoablation, radiofrequency
ablation, percutaneous ethanol injection, and microwave ablation. Improvement
in technique has led to an increase in their use for small renal tumours.
Cryoablation has shown that low temperatures can be applied for tissue
destruction and can be used with an open, laparoscopic, or percutaneous
approach. During cryoablation, a cryogenic probe is inserted in the target tissue,
and liquid gas (argon) is used to cool it rapidly, forming an ice ball around the
probe that thickens as the procedure progresses (cell death depends on the time
and temperature) [11,6]. The low temperatures reached in the kidney can be
transferred to adjacent organs such as the colon, duodenum, or ureter, which
leads to serious complications. Due to the close proximity of the cryoablation site
to the kidney, there is a risk of injuring nearby intestinal tissue, especially when
the tumour is located in the upper or front part of the kidney.

Intestinal injury is a rare complication, accounting for only 0-1% of injuries at this
level [12,13,14,6]. If not enough fat is present between the tumour and the
intestine (minimum of 5 mm), different manoeuvres have been described to
separate the kidney from the colon, including postural displacement, hydro
dissection with 5% dextrose, injection of carbon dioxide, or balloon interposition
[15].

Imaging methods are used to determine the extent to which freezing is
appropriate. Better monitoring of the procedure is obtained with CT or MRI than
with ultrasonography. CT allows for easy, fast, and accurate visualization of the
ablation area by decreasing the attenuation of frozen tissue. MRI allows for
manual displacement of the lesion without the operator being exposed to
radiation. However, artifacts will appear in the image because of air, movement,
and the metal cryoprobe [6]. Although the advantages of this technique are
greater than those of CT, it is not available at our center [11].

The diagnosis of bowel lesions after cryoablation is based on symptoms and
imaging. There may be an interval of days or weeks between cryoablation and
the onset of symptoms. Urinary symptoms and pneumaturia were the
characteristic symptoms that made us suspect the possibility of a colorenal fistula
in our patient. Although the follow-up ultrasonography after the procedure
showed no immediate complications, the symptoms, and abdominal CT proved
diagnostic [6].

No data are available to identify optimal treatment. Different options include both
conservative treatment (antibiotic therapy, percutaneous abscess drainage, and
therapeutic colonoscopy) and surgical treatment (laparoscopy or laparotomy with
or without nephrectomy and/or colectomy). Most colon lesions have been treated
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conservatively with good results [10,16,6]. Emergency surgery should be
considered when damage to the colon causes obstruction, perforation, or severe
sepsis [10]. In our case, antibiotic treatment was tried, but owing to its failure, the
decision was made to perform surgery. Given the good condition of the patient,
fistulectomy and epiploic repair were performed, reserving the most aggressive
techniques for use in the event of failure or complication. The patient progressed
without complications and was discharged. He is currently asymptomatic.

4. CONCLUSION

Cryoablation of renal tumours is a safe, low-risk technique with few
complications. We should suspect a colorenal fistula in the presence of repeated
urinary tract infections and pneumaturia in patients undergoing renal cryoablation
[6]. The treatment is controversial. If possible, conservative medical treatment
should be used, reserving surgery for complicated or persistent colorenal fistulas.
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ABSTRACT

Total colectomy followed by ileorectal anastomosis is an established operation
that may be employed as a surgical solution for a variety of colonic diseases.
Postoperative morbidity and mortality rates are generally considered low, with
most patients rating the functional outcomes as good to excellent. The ileorectal
anastomosis is usually latero-terminal and is constructed with staples. If the
segment of the terminal ileum extending beyond the anastomosis site is too long,
it may remain as an appendage, which can fold or twist upon itself, causing
intermittent closed-loop obstruction at its tip. This can lead to localized
perforation, sepsis, and eventually the formation of a fistula. In conclusion, total
colectomy with ileorectal anastomosis is a safe procedure with good functional
outcomes, though there is a high risk of postoperative intestinal obstruction, and
distal ileum perforation is a rare but possible complication. A case is reported of a
patient who developed significant complications from this portion of the bowel.

Keywords: Total colectomy; ileorectal anastomosis; intestinal perforation;
mechanical suture.

1. INTRODUCTION

Total colectomy (TC) with ileorectal (IRA) is frequently performed for colorectal
cancer, familial adenomatous polyposis, unidentified bleeding from the lower Gl
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tract, inflammatory bowel disease, and sometimes for extended diverticulosis or
colonic inertia [1]. Total colectomy (TC) with ileorectal anastomosis (IRA) is a
relatively common procedure today. Its indications are clearly established, the
functional outcomes allow a nearly normal quality of life, and postoperative
morbidity and mortality rates are low [2-6]. Since its first use in 1908, total
colectomy with ileorectal anastomosis (TC-IRA) has become the most widely
adopted procedure for the treatment of Colonics low-transit constipation [7]. TC
can be performed via laparotomy or laparoscopy, and IRA can be either manual
or mechanical, in an end-to-end or side-to-end configuration. When performing a
side-to-end mechanical IRA, the circular stapler head is first introduced through
the end of the ileum, leaving 5 cm of terminal ileum distal to the anastomosis,
and the circular stapler is inserted through the anus. The stapler is then
assembled, and the anastomosis is completed. If this remaining section of
the distal ileum is too long, it may function like an appendix or blind loop. We
describe a case where a patient developed a serious complication arising from
this portion of the distal ileum.

2. CASE REPORT

This 64-year-old male patient had no significant prior medical history. His
previous surgeries included a laparoscopic total colectomy (TC) with mechanical
side-to-end ileorectal anastomosis (IRA) performed 10 years earlier to treat
synchronous colonic adenocarcinoma located in the sigmoid and transverse
colon (T3NOMO). Currently, he is undergoing periodic follow-up visits and annual
rectal endoscopy conducted by the Digestive Department, with no significant
findings [8].

He presented to the emergency department with abdominal pain in the left
hemiabdomen. The pain had been present for the past 15 days and had sharply
increased in the last 12 hours. He also reported nausea without vomiting. His last
bowel movement, 24 hours prior, was normal. He had a fever of 38°C, was
conscious, oriented, and well hydrated, with normal skin color [8].

Cardiopulmonary auscultation was unremarkable. The abdomen was distended
and tympanic. Palpation of the left hemiabdomen elicited pain, but there was no
guarding. No palpable masses or hernias were detected. A hemogram revealed
leukocytosis (14,000 leukocytes with 75% neutrophils) and elevated C-reactive
protein (10.70 mg/dL). Renal function, pancreatic enzymes, and hepatic profile
were normal. A simple chest X-ray demonstrated significant pneumoperitoneum
(Fig. 1) [8]. An urgent abdominal CT scan showed the presence of a large
pneumoperitoneum and a thickened, inflammatory small bowel loop on the left
side with significant stranding of peripheral fat and a minimal amount of adjacent
fluid (corresponding to the terminal ileum segment distal to the IRA). The
possibility that this process was the source of the pneumoperitoneum could not
be ruled out [8].

At the pelvic level, the IRA appeared without complications (Figs. 2-4) [8]. A
decision was made to perform a median laparotomy, which revealed purulent
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peritonitis secondary to a perforation on the border of the terminal ileum distal to
the IRA. This approximately 15 cm-long segment of the small bowel (acting as an
appendix or blind loop) was hypertrophic, thickened, and dilated. No additional
pathological findings were observed at the IRA or in the rest of the abdominal
cavity [8].

Fig. 1. Thoracic X-ray: Arrows point at the pneumoperitoneum

Fig. 2. The arrow points at the IRA. No complications seen
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Fig. 3. The lower arrow points at the IRA stapling area. The upper arrow
points at the end of the terminal ileum distal to the IRA with an adjacent
pneumoperitoneum bubble

Fig. 4. End of the terminal ileum distal to the IRA (~16 cm long)

Resection was performed using a gastrointestinal anastomosis (GIA) stapler,
followed by intussusception of the stapling line, irrigation of the abdominal cavity,
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and placement of a drain. Due to persistent hematic drainage, the patient
underwent reoperation three days after the initial surgery. A small laceration was
identified at the lower pole of the spleen, requiring a splenectomy. Subsequently,
percutaneous drainage was performed in both the splenic fossa and the left
pleural space due to fluid collection and pleural bleeding, respectively. The
patient was discharged 4 weeks after admission and is currently asymptomatic.

3. DISCUSSION

Total colectomy (TC) with ileorectal anastomosis (IRA) is a relatively common
procedure in both elective and emergency surgeries today. Indications include
colon cancer (familial adenomatous polyposis, hereditary nonpolyposis colorectal
cancer, synchronous tumors), inflammatory bowel diseases (Crohn’s disease
and ulcerative colitis), functional disorders (megacolon/megarectum, colonic
inertia), and less common conditions such as diverticular disease and
ischemic/infectious colitis [5]. Before performing the procedure, it is essential to
confirm that the patient has normal sphincter tone without perianal disease and
adequate rectal distensibility, with no evidence of dysplasia or cancer.
Additionally, the procedure can be performed temporarily in young patients who
wish to preserve fertility [6].

Physiological adaptation to TC is generally very satisfactory, with functional
outcomes supporting an almost normal quality of life. Indeed, 90% of patients
achieve normal continence and have an average of four bowel movements daily
[9-11]. Morbidity and mortality rates are approximately 26% and 1% (ranging
from 0-6%), respectively, with higher rates in patients with Crohn’s disease and
functional disorders [5]. The surgical re-intervention rate is about 7.5% [5,10]. The
most common postoperative complication reported in the literature is intestinal
obstruction, with rates ranging from 2% to 70%, associated with adhesions,
abnormal motility in patients with functional disorders, and recurrence of Crohn’s
disease. However, laparoscopy has reduced the incidence of obstruction to
about 20%. Other significant complications include anastomotic dehiscence
(6.5%), surgical wound infection (8.8%), rectovaginal fistula (5.5%), and
anastomotic stenosis [5]. In our case, the patient presented with an intestinal
perforation at the terminal ileum distal to the IRA, an extremely rare complication

[81.

The most commonly performed anastomosis is a side-to-end mechanical IRA.
This is achieved by introducing the head of the circular stapler through the end of
the ileum and perforating the anti-mesenteric border, leaving 5 cm of ileum distal
to the anastomosis. The circular stapler is then introduced through the anus and
assembled with its head to perform the anastomosis at the level of the
promontory. This technique helps bring a better-irrigated ileal border to the
rectum, whichis advantageous.

The end of the ileum is then closed using a mechanical stapler or manual suture.

We have found no evidence defining the optimal length or ideal type of closure
for the distal ileum in side-to-end IRA [12]. Perforation of this portion of the
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terminal ileum is rare, and in the immediate postoperative period, it usually
results from an ischemic issue. During surgery, the vascularisation of the distal
segment may be compromised, either by tissue manipulation or by insufficient
irrigation due to the distance between the ileal border and the point of
anastomosis. This can lead to mucosal necrosis and subsequent perforation of

the affected segment.

However, if this segment is left too long, we believe that over time, as seen in our
case, it can act as an appendix or blind loop, leading to bacterial overgrowth,
which may predispose the segment to torsion and/or perforation (Fig. 5) [8]. In
addition, a segment of the ileum that is too long can become mobile within the
abdominal cavity, facilitating its torsion around its mesentery. Twisting of the
ileum compromises blood flow, leading to acute ischaemia and subsequent
perforation [13,14]. Perforation may also occur due to accumulation of digestive
secretions in the distal terminal ileum. The terminal ileum is essential for the
reabsorption of bile salts. If an ileal segment becomes redundant, these digestive
secretions may accumulate, irritating the local mucosa and predisposing to
chronic inflammation, and even ulceration or perforation.
)
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Fig. 5. Terminal ileum distal to the IRA. If it is too long, it acts as an
appendix or blind loop which can fold or spin around and
therefore become perforated
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These complications can be easily avoided by resecting the terminal ileum as
close to the anastomosis as possible during the procedure.

In patients undergoing total colectomy (TC) with ileorectal anastomosis (IRA)
who present to the emergency department with an acute abdomen, intestinal
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obstruction should be considered as a possible cause. It is also important to
recognize that the terminal ileum distal to the IRA may be the source of the issue
if it was left excessively long. In the literature, we found only two cases similar to
the one described, where leaving an overly long terminal ileum resulted in
complications during a restorative proctocolectomy with an ileoanal J-pouch
[15,186].

4. CONCLUSION

TC with IRA is a safe procedure, offering excellent functional outcomes in
selected patients, with low morbidity and mortality rates [8]. While there is a high
incidence of intestinal obstruction post-surgery, a significant number of patients
may require surgical re-intervention. Intestinal perforation of the terminal ileum
distal to the anastomosis is a rare complication. If this segment is too long, it can
act as an appendix or blind loop, which may fold or twist, leading to intermittent
obstruction at its tip and potentially causing perforation.
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those associated with gastric bypass and other restrictive techniques. My research focuses on
identifying and managing complications such as stomal stenosis, anastomotic ulcers, and metabolic
disorders resulting from these interventions. My work has contributed to optimizing clinical and surgical
approaches to improve long-term patient safety.
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ABSTRACT

In this study, we look at the various types of open inguinal hernia repair that include
tension-free and suture-based repairs. We also look at chronic pain after open
inguinal hernia repairs. The open inguinal hernia repairs can be divided into tissue
repair and mesh repair. Among the tissue repairs, the Shouldice repair is the most
common repair that is performed, with the Bassini repair and Darning method
being rarely performed. Mesh-based repairs are the most popular open inguinal
hernia repair with the Lichtenstein repair the most common procedure that is
performed. Several technical modifications have been done for the Lichtenstein
repair which include using a larger mesh size, using interrupted sutures to anchor
the mesh to the aponeurosis of the internal obligue muscle and greater overlap of
the mesh over the pubic symphysis. The sutured-based repairs are not commonly
performed with the Shouldice repair being the most performed, but the Desarda
repair is slowly emerging as a viable sutured-based repair. We have conducted
this review article to look at the current state of the various types of repairs for open
inguinal hernia repair including their complications and recurrence rate. We also
looked at the effect of chronic pain in open inguinal hernia repair. Open inguinal
hernia repairs will continue to be one of the most common operations that are
performed worldwide, and it will retain its place in the surgical treatment of inguinal
hernias despite the introduction of laparoscopic inguinal hernia repair.

Keywords: Mesh repair; open hernia repair; tension-free repair; sutured hernia
repair; chronic pain.
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1. INTRODUCTION

Inguinal hernia repair is probably the most common procedure in general surgery.
It is also one of the earliest operations in a junior surgical resident's postgraduate
training period. Numerous repair techniques have been described to date, however
tension-free mesh repairs are widely used methods today because of their low
recurrence rates [1]. Open inguinal hernia repairs are still the most common hernia
repair that is performed worldwide despite the introduction of laparoscopic repair.
The initial open inguinal hernia repairs were done under tension with sutures to
strengthen the posterior wall of the inguinal canal. The introduction of the
Lichtenstein repair which uses synthetic mesh, was sutured to the posterior wall of
the inguinal canal under no tension. This method has revolutionized the
management of inguinal hernias, and it has become the most performed procedure
in the world [2,3,4,5]. The risk factors for an inguinal hernia include a family history
of groin hernia, chronic obstructive pulmonary disease, smoking, low body-mass
index, increased intraabdominal pressure, collagen diseases, patent processus
vaginalis, history of appendectomy, and peritoneal dialysis [6].

The open inguinal hernia repairs can be divided into tissue repair and mesh repair.
Among the tissue repairs, the Shouldice repair is the most common repair that is
performed, with the Bassini repair and Darning method rarely performed [5]. For
the mesh repair, the Lichtenstein repair is the most common procedure that is
performed, with the plug and patch method by Rudkow and Robbins and the
Prolene hernia system being the other variants of the mesh repair [7]. The surgical
treatment of open inguinal hernia can also be divided into mesh and non-mesh-
based repair with the addition of the Desarda repair being the latest tension-free
tissue-based repair [8,9,5].

The advantages of performing open inguinal hernia repairs are that they can be
performed under local or regional anesthesia, the learning curve for these
procedures is short they are associated with very low complications. All open
inguinal hernia procedures are also cost-effective and can be performed as a
daycare procedure, and they do not require any additional and costly operative
material [10,5].

The European Hernia Society guidelines on the treatment of inguinal hernia in
adults have recommended the Lichtenstein repair as the best open inguinal hernia
surgery as it has a short learning curve, and it has a low recurrence rate of less
than 2 %. For patients who opt out of performing a mesh repair, the Shouldice
repair is the best non-mesh open inguinal hernia operation that can be performed
[11-13,5].
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The Hernia Surge guidelines for the management of groin hernias have
recommended that mesh and non-mesh-based repairs are the best and most
effective surgical approaches [5]. The mesh-based approaches are associated
with the least risk of recurrence. Shouldice repair is considered the best non-mesh-
based inguinal hernia repair for patients who do not want a mesh or where a mesh
is contraindicated. Shouldice repair is associated with the lowest recurrence
among the non-mesh-based or tissue repairs. The Desarda technique though is
associated with a shorter learning curve but is not recommended due to its limited
data on recurrence and chronic pain [14,5].

In this chapter, we will look at the various types of open inguinal hernia repair
including tension-free and suture-based repairs. We also look at chronic pain after
open inguinal hernia repairs.

2. MESH-BASED OPEN INGUINAL HERNIA REPAIRS
2.1 Lichtenstein Repair

This is the most popular open mesh-based repair that was introduced by Irving
Lichtenstein in 1984 and is also known as the tension-free inguinal hernia repair.
This procedure was originally performed under local anesthesia and after ligation
of the hernia sac and identification of the ilioinguinal and iliohypogastric nerves,
the posterior wall of the inguinal canal is reinforced with a synthetic mesh [5]. The
mesh is anchored with non-absorbable sutures to the inguinal ligament and
conjoint tendon. This procedure is not done under tension, and it is associated with
reduced morbidity and recurrence [15,5]. The Lichtenstein repair has been
retrospectively reviewed and the risk of surgical site infection was low, the
incidence of seroma formation and scrotal hematoma were low. The recurrence
rate was around 1% for this type of inguinal hernia repair [16]. The learning curve
for performing this operation among surgical residents and junior surgeons is
relatively short and 40 cases are usually sufficient before performing it
independently [17,5].

Several technical modifications have been done for the Lichtenstein repair which
include using a larger mesh size, using interrupted sutures to anchor the mesh to
the aponeurosis of the internal oblique muscle and greater overlap of the mesh
over the pubic symphysis. Further recommendations include identification and
preservation of the ilioinguinal and iliohypogastric nerve, protecting the
cremasteric fascia, management of the hernia sac, proper fixation of the mesh to
the rectus abdominus sheath, and using a mesh size of 7.5 cm by 15 cm [18-20,5].

The identification of the ilioinguinal and iliohypogastric nerve during the hernia
repair is important to reduce the risk of injury during dissection and fixation of the
mesh. A systemic review and meta-analysis by Moseholm et al on nerve
identification during inguinal hernia repair concluded that the rate of identification
of the ilioinguinal nerve was 82% and the iliohypogastric nerve was 62% [21,22,5].

The mesh repair was compared against the non-mesh repair of inguinal hernias
by Smith et al, and they concluded that mesh repair was associated with a reduced
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recurrence rate and the risk factors for recurrence include obesity, history of
smoking, and direct hernias [23]. Bisgaard et al and Butters et al followed up on
patients who underwent the Lichtenstein repair for 5 years and concluded that the
recurrence rate was 0 when compared to those who underwent sutured hernia
repair [24,25,5].

The Lichtenstein repair was compared to the Shouldice repair in a randomized trial
by Danielsson et al, and the recurrence rate was significantly higher in the
Shouldice group, and the number of sick leave taken was also higher in this group
[26]. A similar randomized control trial comparing the Lichtenstein repair and the
Shouldice repair by Ahmadinejad et al. also concluded that the recurrence rate
was lower in the Lichtenstein repair group [27,5].

The method of fixation of the mesh has been evaluated with sutured fixation being
compared with glue fixation. There have been several systemic reviews and meta-
analyses that have been conducted, with the use of fibrin or butyl-2-cyabiacrylate
being used as the glue to fix the mesh. These studies concluded that glue fixation
is associated with reduced operative time and comparable post-operative pain,
chronic pain and length of hospital stay [5]. However, the duration of follow-up in
all of the studies was not consistent, hence further randomized trials will be needed
to evaluate the true recurrence rate and efficacy of glue fixation [28-32]. A systemic
review and meta-analysis comparing the use of self-gripping mesh against sutured
mesh fixation was conducted by Sajid et al., and this study concluded that self-
gripping mesh failed to demonstrate any advantage over sutured mesh fixation
with the incidence of postoperative pain, chronic pain and recurrence rates being
the same [33,5]. Table 1 shows the comparison of the recurrence rates of the
Lichtenstein repair, Shouldice repair and Desarda repair.

2.2 The Plug and Patch and the Prolene Hernia System

The plug and patch repair involves the use of a mesh that is inserted in the pre-
peritoneal space and anchored to the tissues at the internal ring with sutures,
followed by a flat mesh that is then inserted and anchored to the inguinal ligament
and conjoint tendon [5]. The operative time and post-operative complications were
reduced, and it was introduced as an alternative to the Lichtenstein repair [34-36].
The Plug and Patch repair was compared to the Lichtenstein repair and the
duration of operation, post-operative complications and recurrence rate were
comparable [37]. A randomized control trial comparing the Plug and Patch repair
with the Lichtenstein repair concluded that though the operative time was reduced
in the Plug and Patch repair, there was no difference with regard to the post-
operative complication, chronic pain and recurrence rate [38,5].
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Table 1. Table comparing the recurrence rate of the Lichtenstein repair, Desarda repair and Shouldice repair for inguinal

hernias
Study Study Type Year N=numbers Lichtenstein Desarda repair Shouldice repair
repair recurrence recurrence recurrence rate
rate (%) rate (%) (%)
Emile et al. Systemic Review/Meta- 2017 2159 0.98% 0.91%
analysis
Jain et al. Randomized control 2021 87 0 0
trial
Mohamedahmed et al. Meta-analysis 2022 3177 0.9% 0.65%
Butters et al. Randomized study 2006 150 1.3% 10.12%
Danielsson et al. Randomized study 1999 178 0 10.11%
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The Prolene hernia system is a three-dimensional bilayer mesh that reinforces the
posterior wall of the inguinal canal and pre-peritoneal space during an open
inguinal hernia repair. Blunt dissection is done in the preperitoneal space, and it is
inserted via the deep ring, and it requires minimal sutures to anchor the mesh
[39,5]. A retrospective evaluation of this procedure showed that the operative time
was comparable to the other mesh repairs the most common complication was
hematoma formation, and wound infection and the recurrence rate was 1.6%
[40,5]. A prospective randomized control trial by Pierides et al, comparing the
Prolene hernia system with the Lichtenstein repair concluded that both procedures
were associated with comparable post-operative complications, chronic pain and
recurrence rate [41]. A meta-analysis by Decker et al comparing the Prolene hernia
system versus the Lichtenstein repair. This study included 1377 hernia repairs,
and they concluded that there was no difference with regard to recurrence rate and
chronic pain [42,5].

A meta-analysis of randomized control trials of open mesh techniques for inguinal
hernia repair was conducted by Zhao et al.2708 patients were included in this
study and they concluded that the Lichtenstein, Plug and Patch and Prolene hernia
Systems were associated with similar post-operative complications, chronic pain
and mid-term recurrence rates [43,5]. A prospective randomized controlled trial
comparing the three-year outcome of the Prolene hernia system, Lichtenstein
mesh and the Plug and Patch for primary inguinal hernia repair was conducted by
Dalenback et al. A total of 472 patients had undergone hernia repair and they were
follow-up to three years. This study concluded that there was no difference with
regard to postoperative complications, recurrence rates and chronic pain [44,5].

3. NON-MESH-BASED OPEN INGUINAL HERNIA REPAIR

3.1 Shouldice Repair

Shouldice repair is the most common non-mesh-based open inguinal hernia repair.
The important components of this operation include resection of the cremaster
muscle, division of the posterior wall of the inguinal canal, and reconstruction of
the posterior wall that is conducted with stainless steel wires [45,5]. Hay et al.
conducted a multi-center trial on 1578 patients who underwent the Shouldice repair
and Bassini repair and the recurrence rates were 6.1% for the Shouldice repair
and 8.6% for the Bassini repair [46]. The recurrence rate of the Shouldice repair is
around 4.7% to 10.1% with the number of operations being performed decreased
due to the introduction of the-mesh-based repairs [47]. Certain centers have
performed the Shouldice repair and followed up with the patients after five years
have obtained a recurrence rate of 2.88% [48,5].

A Cochrane review was conducted by Amato et al comparing Shouldice repair
versus other open inguinal hernia techniques. A total of 2566 patients underwent
Shouldice repair,1121 mesh repair and 1608 non-mesh repair. The recurrence rate
of the Shouldice repair was higher than the mesh repair but it was the lowest
among the sutured repairs [5]. This study concluded that the Shouldice repair was
the best non-mesh hernia repair with reference to recurrence, but it requires a
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higher learning curve and operative time [49]. Kockerling et al. compared the
Shouldice repair with the Lichtenstein and laparoscopic inguinal hernia repair and
they concluded that in certain patients with small hernias, the Shouldice repair is
indicated due to its low chronic pain rate [50].

3.2 Desarda Repair

This inguinal hernia repair technique was introduced by Desarda where after
excision of the hernia sac, an incision is made on the external oblique aponeurosis
and a strip of the external oblique aponeurosis is incised and sutured to the
posterior wall to reinforce it. This repair is under no tension, and it functions to
strengthen the posterior wall. Desarda operated on 400 patients and there was
one patient who developed recurrence [51,5]. Several other studies were done on
the Desarda repair, and the operative time and postoperative morbidity and
mortality were low. The recurrence rates were low, and the cost of the procedure
was also low [52-54,5].

The Desarda techniqgue was compared with the Lichtenstein repair in several
studies and these studies concluded that there was no difference regarding post-
operative morbidity, mortality, length of hospital stays, recurrence rate and chronic
pain [55-59]. A systemic review and meta-analysis of randomized control trials
comparing the Desarda technique versus the Lichtenstein repair in primary
inguinal hernias. 2159 patients from 6 randomized control trials were included in
the study [5]. This study concluded that both procedures were associated with
reduced complications and recurrence rates, with the Lichtenstein repair being
associated with a slight increase in seroma formation [60]. A systemic review by
Ge et al also compares the Desarda technique and Lichtenstein repair for the
treatment of primary inguinal hernias.1014 patients were included in this study and
this study also concluded that there were no differences with regard to
postoperative complications, recurrence rate, chronic pain and hospital stay [61,5].
A similar systemic review and meta-analysis by Pereira et al comparing the
Desarda technique with the Lichtenstein repair also came out with the same
conclusions [62].

A randomized control trial comparing the Desarda technique versus the
Lichtenstein repair was performed by Szopinski et al. 208 patients were
randomized to 105 who underwent the Desarda repair and 103 the Lichtenstein
repair [5]. This study concluded that the incidence of chronic pain and recurrence
rates were equal among both groups [63]. A systemic review and meta-analysis
was conducted by Ndong et al to look at the suitability of the Desarda repair in the
emergency inguinal hernia repair. 199 patients were included in this study and the
postoperative complication, recurrence rates and seroma rates were similar,
hence it has been suggested that the Desarda repair can be used in emergency
inguinal hernia repair [64,5].
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3.3 Bassini Repair and Other Open Repairs

This inguinal hernia repair was introduced by Eduardo Bassini and it involves
suturing the transversalis fascia and conjoint tendon to the inguinal ligament
behind the spermatic cord and employing a Tanner slide to prevent tension. This
procedure was popular before the introduction of the mesh-based repair and the
major downside of this repair was that it was done under tension and the
recurrence rates were around 6% to 8%. This repair is commonly done in countries
where mesh is not available or is too costly [65,5]. The Bassini repair was
compared to other repair methods like the Lichtenstein repair, Darning Method and
Shouldice repair and although there were no major post-operative complications,
the recurrence rate was high with the Bassini repair and hence it is rarely used [66-
68,5].

The Darning technique involves the approximation of the conjoint tendon to the
inguinal ligament with non-absorbable sutures thereby forming a weave in the
posterior wall. This method is done in cases where a mesh repair cannot be
performed, and it has a higher recurrence rate when compared to mesh-based
repairs [69,70,5]. McVay'’s repair involves the approximation of the transversalis
fascia to Cooper’s ligament, but this repair was under tension and associated with
post-operative pain and a high recurrence rate [71-73].

3.4 Chronic Pain After Inguinal Hernia Repair

This is defined as pain arising from the surgical site that persists for more than 3
months after the inguinal hernia repair. As the recurrence rates decreased after
the introduction of mesh-based repairs, chronic pain has become a problem. The
risk factors for developing chronic pain include young patients, female sex and
developing pain during the immediate post-operative period [5]. The cause of
chronic pain is still unknown, but several theories include the inflammatory reaction
from the mesh, nerve entrapment, type of mesh and fixation of the mesh [74-76].
A systemic review and Meta-analysis by Oberg et al compared chronic pain after
mesh versus non-mesh repair for inguinal hernia and this study concluded that
there was no difference with regard to the type of hernia repair regarding chronic
pain [77,5]. The incidence of chronic pain is also not affected by the prophylactic
division of the ilioinguinal nerve and also by the type and characteristics of the
mesh that is used [78-80].

4. CONCLUSION

Open inguinal hernia repair has seen a change in trend with the introduction of
mesh-based repairs. The Lichtenstein repair is the most popular repair that is
practiced worldwide. It is simple to perform, requires a short learning curve, can
be done under local anesthesia and is associated with the lowest recurrence rate
among all the open inguinal hernia repairs. The other mesh-based repairs like the
Plug and Patch and the Prolene hernia system are not as commonly used [5].
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The Shouldice repair is the most popular sutured-based repair, but it has a longer
learning curve, and although it can be performed under local anesthesia, the
recurrence rate is still higher when compared to the Lichtenstein repair. The
Desarda technique is a good tissue-based repair that can be easily learned and
since it is a tension-free procedure, it can be an alternative to the Lichtenstein
repair [5]. The only drawback of the Desarda technique is the long-term recurrence
rate which has not been established yet. Chronic pain now is an emerging post-
operative complication that occurs especially after the mesh-based repair, and
there is no consensus on its management [5]. Open inguinal hernia repairs will
continue to be one of the most common operations that are performed worldwide,
and it will retain its place in the surgical treatment of inguinal hernias despite the
introduction of laparoscopic inguinal hernia repair.
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ABSTRACT

Pulmonary hypertension (PH) is a complex disease of the cardiopulmonary
system. The most common causes of postoperative mortality in PH patients are
acute RVF, arrhythmias (particularly atrial fibrillation [AF]), ischemia, congestive
heart failure (CHF), unstable hemodynamic status, hypoxia, respiratory and renal
failure, sepsis, and stroke. Perioperative management of PH is one of the most
challenging issues for anesthetists. Morbidity and mortality are significantly high in
PH patients undergoing surgery due to right heart failure, arrhythmia, atrial
fibrillation, ischemia, hemodynamic instability, hypoxia, respiratory failure, renal
failure, sepsis, and stroke. Detailed preoperative evaluation and correct anesthetic
management will significantly increase the chances of a successful peri-operative
outcome in these patients. In PH patients, it is important that more than one
physician, including anesthesiologist, intensivist, pulmonologist, cardiologist, and
surgeon, discuss the patient's possible difficulties and complications with a
multidisciplinary approach and make a decision. In order to optimize the
management of PH patients, it is necessary to comprehensively evaluate the
underlying cause, pathophysiology, risk factors, course, and treatment of the
disease. Currently, no evidence-based information is available for choosing
general, regional, or combined anesthesia as anesthetic techniques for PH
patients. A balanced anesthesia technique, including inhalation or intravenous
agents, appropriate regional anesthesia (RA), opioids, and a-2-adrenoceptor
agonists may provide the most uniform hemodynamic profile in these patients. The
basis of anesthesia management should be to prevent and treat triggering factors,
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provide perfusion pressures, and optimize right ventricular functions. Advanced
monitoring, pulmonary vasodilator therapies, adequate anesthesia and analgesia,
and appropriate ventilator settings should be performed for patients with PH.
Patients with PH should be followed in the intensive care unit in the first 48—72 h
postoperatively. In PH patients, advanced intraoperative and postoperative follow-
up, pulmonary vasodilator treatments, adequate anesthesia, and analgesia should
be considered. It is essential to optimize the patient for surgery in a nonemergency
situation and to organize treatment and education of the patient for the long-term
period of the disease. This book chapter aims to focus on appropriate preoperative
preparation, perioperative monitoring, anesthesia and ventilator management,
pain control, preventive methods, and treatment in patients with PH in light of the
literature.

Keywords: Anesthesia management; comprehensive preoperative evaluation;
multidisciplinary approach; pulmonary hypertension.

1. INTRODUCTION

Pulmonary hypertension (PH) remained an unexplained intractable disease with a
poor prognosis [1]. PH is a heterogeneous systemic disease that affects the heart,
brain, liver, kidneys, gastrointestinal tract, skeletal muscles, endocrine, immune
and autonomic systems and it eventually leads to right ventricular failure (RVF)
[2,3]. The global burden of PH is substantial. In the last 2 decades, however, the
diagnosis and treatment methods for this disease changed markedly [4]. The
pathophysiology includes decreased organ perfusion, unbalanced neurohormonal
activation, oxidative stress, abnormal immune cell signaling, and various
hemodynamic consequences in response to the interaction of these systems.
Major advances in pulmonary arterial hypertension, pulmonary hypertension (PH)
associated with lung disease, and chronic thromboembolic PH cast new light on
the pathogenetic mechanisms, epidemiology, diagnostic approach, and
therapeutic armamentarium for pulmonary vascular disease [5]. The most common
causes of postoperative mortality in PH patients are acute RVF, arrhythmias
(particularly atrial fibrillation [AF]), ischemia, congestive heart failure (CHF),
unstable hemodynamic status, hypoxia, respiratory and renal failure, sepsis, and
stroke [3,6,7].

PH is seen in 15-50 people per million [8]. Although it usually affects women
between the ages of 30 and 60, adverse clinical outcomes are more often
pronounced in men. Hereditary and idiopathic causes account for 52.6% of all PH
cases. The most common etiological causes are left heart or lung diseases [8,9].
Early diagnosis and treatment in patients with PH are critical in morbidity and
mortality [10].

PH is a severe progressive and chronic cardiopulmonary disease affecting
patients’ clinical course throughout the peri-operative period. Our review aims to
focus on how to manage patients with PH properly and effectively as
anesthesiologists in the perioperative period.
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2. DEFINITION AND CLASSIFICATION
The diagnostic criteria for PH include:

a. Mean pulmonary artery pressure (MPAP) >25 mmHg at rest or
b. mPAP >30 mmHg during exercise
c. Pulmonary vascular resistance (PVR) >240 dyn/s/cm® (N: 100-200).

PH is a hemodynamic and physiopathological condition characterized by a
progressive course. An mPAP between 20 mmHg and 24 mmHg is defined as
borderline PH [3,11,12]. PH is divided into five groups in terms of etiological
causes, hemodynamic, and therapeutic modalities [Table 1] [3,9,12,7].

Pulmonary arterial hypertension (Group )

PH associated with left heart disease (LHD) (Group I1)

PH due to chronic lung disease and/or hypoxia (Group III)

PH due to pulmonary artery obstructions (Group V)

PH due to unclear and/or multi factorial mechanisms (GroupV).

gkrwpdpE

PH can also be defined according to hemodynamic parameters [Table 1] [12,13,7].

1. Precapillary PH: Groups I, Il IV, and V

«  mPAP 225 mmHg

e Pulmonary artery wedge pressure (PAWP) <15 mmHg
*  PVR 23 wood units (WUs).

2. Isolated postcapillary PH: Groups Il and V

*  mPAP 225 mmHg

*  PAWP >15 mmHg

* PVR<3WU.

3. Combined precapillary and postcapillary PH: Groups Il and V [12,13,7]
e mPAP 225 mmHg

e PAWP >15 mmHg

*  PVR2=3WU.

The follow-up and treatment of PH in the perioperative period are one of the most
significant challenges for anesthesiologists and intensivists due to high mortality
and morbidity [10,14,7]. By understanding the relevant and important risk factors,
administering appropriate treatments based on PH classification, and enabling
careful planning; we can accurately and appropriately perform any surgery or
intervention in these patients. Management of patients with PH requires a
comprehensive approach to optimize hemodynamics (right ventricular [RV],
preload, afterload, and contractility), minimizing risks and triggers, and carefully
handling complications [6,14,15,7].

In noncardiac surgery, mortality and morbidity vary between 1%—-18% and 14%-—
42%, respectively for patients with PH [6]. Therefore, it significantly prolongs the
length of both hospital and intensive care unit (ICU) stays. Eventually, it causes an
increase in hospital costs and the risk of re-hospitalization [3,6].
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3. THE PATHOGENESIS OF PULMONARY HYPERTENSION

Etiological causes that initiate the pathogenesis of PH include inappropriate
angiogenesis, DNA damage, genetic mutations, metabolic disorders, and factors
that disrupt the vascular structure [16]. The mediators most accused in the
pathogenesis of PH are endothelin 1, serotonin, thromboxane A: (TXA2),
epinephrine, norepinephrine (NE), nitric oxide (NO), and prostacyclin (PGl2) [7].
Endothelin 1 is a vasoconstrictor peptide secreted by vascular endothelial cells,
leading to pulmonary vasoconstriction and vascular smooth muscle cell
proliferation. NO and PGIz are endogenous vasodilators produced in pulmonary
vascular endothelial cells, and their production is decreased in many types of PH
[16-18].

The pathogenesis of PH occurs in three different stages pathologically [Fig. 1]: (1)
endothelial dysfunction, (2) vascular remodeling, and (3) decreased apoptosis,
neo adventitial excess cell proliferation, and thrombosis in pulmonary arterioles
[18,19,7]. Endothelial dysfunction is the primary factor in the pathogenesis of PH,
and many molecular pathways have been described. Genetic susceptibility is
significant in the development of PH. In particular, the bone morphogenetic protein
receptor type Il gene is thought to play a role in 75% of familial cases and 20% of
sporadic cases [20]. Other mutations associated with the development of PH
include GDF2 (codes BMP9), type | receptor (ACVRL1), and SMAD9 (codes
Smad8). K+ channel subfamily K member 3 and caveolin-1 mutations have also
been described, along with others [18,21]. Therefore, there is a relationship
between vasoconstrictive and proliferative mediators (endothelin-1, serotonin, and
TXA2), which are normally regulated and balanced according to physiological
requirements. This balance is disturbed in PH among mediators with vasodilatory
and anti-proliferative effects (NO, PGI2, and K+ channels of smooth muscle cells).
PH develops due to increased activity of serotonin, endothelin-1, and TXA2
mediators and decreased activity of NO, PGI2 mediators, and K+ channels of
smooth muscle cells [14-17]. Raised PVR caused by progressive vascular
remodeling may lead to PH crisis and RVF, which has very high morbidity and
mortality [Fig. 1] [22,23].

4. PERIOPERATIVE ANESTHETIC MANAGEMENT

Preoperative evaluation: The management of PH patients can be challenging
and complicated. Detailed preoperative evaluation and correct anesthetic
management will significantly increase the chances of a successful peri-operative
outcome in these patients. Since PH affects many organ systems (heart, lungs,
liver, and kidneys), surgical preparations should be guided by a team’s
comprehensive anesthetic, surgical, pulmonary, and cardiac evaluation.
Perioperative planning should be done by a multidisciplinary team in equipped
centers [Fig. 2] [2,14,15,24,7].

Detailed history, signs, symptoms, and physical examination are extremely
important in the preoperative assessment.
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Table 1. Classification of pulmonary hypertension type based on
hemodynamics and world health organization clinical groups [7]

Definition Characteristic WHO clinical groups
PH mPAP >25 mmHg All
Precapillary PH mPAP 225 mmHg PAWP =15 PAH
mmHg PVR 23 WU PH due to CLD CTEPH
co normal/reduced/high PH with unclear and/or

Postcapillary PH

mPAP >25 mmHg PAWP 215

multifactorial mechanisms
PH due to LHD

mmHg

CO normal/reduced/high
Isolated PAWP >15 mmHg
postcapillary PH
Postcapillary PH
with precapillary
component

PH due to LHD
DPAP-PAWP <7 mmHg PH due to LHD

PAWP >15 mmHg DPAP-

PAWP =7 mmHg

WHO=World health organization, mPAP=Mean pulmonary arterial pressure, PAH=Pulmonary arterial

hypertension, PAWP=Pulmonary artery wedge pressure, PH=Pulmonary hypertension, PVR=Pulmonary
vascular resistance, CTEPH=Chronic thromboembolic PH, CO=Cardiac output, DPAP=Diastolic

PAP, CLD=Chronic lung disease, LHD=Left heart disease, WU=Wood units

Endothelial Dysfunction

1 Wasoconsticion

1 Perivagcular infammation
1 Proliferation

PH: mPAP=25 mmHg

aptve remodeling
1 lschemia

|Vasoditaton
tApoptosis

RV dimension | LV predoad
Poorcontractility | CO
| Riaht coronary

Endothelin-11 perfusion

Serotonin 1

Thromboxane Ayt

Genetic Susceptibility i
BMPR2, ACVRL1 or ALK1, NO |

ENG, SMADS, SMAD4 or Prostacyclin |
SMADS, CAV1, KCNK3,

EIF2AK4 K+channels |

Fig. 1. Pathogenesis and genetic susceptibility of pulmonary hypertension.
mPAP=Mean pulmonary arterial pressure, PH=Pulmonary hypertension,
RV=Right ventricular, LV=Left ventricular, CO=Cardiac output,
PVR=Pulmonary vascular resistance, NO=Nitric oxide [7]
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Fig. 2. Management of pulmonary hypertension in the peri-operative period.
PH=Pulmonary hypertension, ICU=Intensive care unit,
ECMO=Extracorporeal membrane oxygenation [7]

The preoperative evaluation of the patient with PH and the identified risk factors
are summarized in Fig. 3 [10,14,15,24,7]. All important factors should be
considered in the evaluation, such as the etiology and disease severity, comorbid
conditions, type and emergency of the surgery, the patient’s functional status,
home medication regimen, treatment adherence, preoperative medication
optimization and appropriate treatment, and assessment of baseline oxygen
requirements [10,24-26]. The presence of RVF findings such as S3 gallop, neck
venous distention, peripheral edema, hepatomegaly, and abdominal ascites in the
physical examination is important for clinical follow-up [27,28,7].

In general, the primary investigations include a comprehensive metabolic panel,
preoperative routine laboratory evaluations (hemoglobin and hematocrit,
creatinine, glomerular filtration rate, pro-brain natriuretic peptide [pro-BNP], and
liver function tests), pulmonary function tests involving arterial blood gas (ABG)
analysis, chest radiography, an electrocardiogram (ECG), transthoracic
echocardiogram (TTE), 6-min walk distance (6-MWD) test, should be obtained and
reviewed when necessary [10,14,25,26]. There are identified risk factors to
determine the prognosis in terms of mortality and morbidity [Table 2] [6,10,14,7].

If the patient has dyspnea at rest, syncope history, functional impairment, presence
of hypoxemia, exhibits exacerbated symptoms of RVF, or acid-based changes on
the day of surgery, the anesthesiologist and surgical team should consider the risk-
benefit ratio if the operation is not urgent and confirm that the anesthetist has the
knowledge, attitude, and tools to manage this status well in case of acute RVF
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development [14]. Perioperative risk factors include operation-specific and patient-
related factors. The most important patient-related factors are the New York Heart
Association grade >2, 6-MWD <300 m, estimated history of diagnosis, coronary
artery disease, RVF, chronic kidney disease, and pulmonary thromboembolism
(PTE) [27,29,28,7]. Surgical factors include emergency surgical procedures that
last longer than 3 h, moderate or high-risk surgeries (including thoracic, major
abdominal, and orthopedic surgeries), and procedures that may increase the risk
of venous insufficiency or embolization, and use of vasopressors [6,14,30]. To
predict postoperative cardiac mortality in noncardiac surgery, monitoring of pro-
BNP levels is recommended [10,7].

It is common for patients with PH to overlook their disease in the preoperative
period, and TTE findings can often be unnoticed in these patients. Therefore, TTE
should be evaluated in detail in patients with suspected PH. We should consider
that systolic pulmonary artery pressure (SPAP) measurement can be beneficial for
risk stratification and optimal guiding for the intraoperative management of these
patients. Patients with sPAP above 35 mmHg should be evaluated more
thoroughly [27]. Tricuspid annular plane systolic excursion (TAPSE) should be
between 17 mm and 20 mm [7]. TAPSE provides a great deal of information about
RV function and prognosis in PH. In addition, right atrial enlargement surface (>27
mm?), TAPSE/sPAP (N: <0.8 — 1 mm/mmHg), tricuspid regurgitation velocity (TRV)
(N: <2.8 m/sn) measurements can also give information about the prognosis. The
presence of pericardial effusion, decreased TAPSE, increased TAPSE/sPAP,
TRV, and right atrial enlargement surface (>27 mm?2) are distinguished prognostic
markers [26]. Preoperative determination of prognostic factors by TTE in patients
with PH is vital for optimizing anesthetic management, preventing complications,
and decreasing mortality and morbidity [Table 3] [27,29,7].

Patients should be reassessed and optimized before operation to decrease PVR
and improve RV function if necessary. In addition, transesophageal
echocardiography (TEE) and pulmonary artery catheterization (PAC) should be
evaluated preoperatively if the patient has comorbidities or symptoms of RVF [14-
17,27].

Medications used for treating PH should be taken before the operation. If the
patient is not on treatment and the operation will not be postponed, Sildenafil 0.5
mg/kg PO every 6 h, 50-100 mg daily for adults, or 0.2 mg/kg/h intravenous (i.v.)
should be started [7].

Fluid restriction and diuretics should be considered in RVF and hypervolemia. Anti-
coagulation is needed for thrombosis prophylaxis. Besides, if the risk of venous
thrombosis is high and there are clinical signs, heparin should be given as bridge
therapy instead of coumadin. Anemia and iron deficiency should be corrected in
the preoperative period to prevent worsening PH. ACEI, ARBs, B-blockers, and
ivabradine should be avoided in the preoperative period [6,11,14,27]. In our clinic,
we start treatment for PH patients according to the etiological reason
preoperatively (sildenafil, heparin, diuretic, etc.) and continue with appropriate
medication (milrinone, inotropes, and diuretics) in the intraoperative period [7].
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Table 2. Prognostic assessment in pulmonary hypertension [7]

Prognostic determinant Risk

Low Intermediate High
Clinical signs of RHF Absent Absent Present
Progression of symptoms No Slow Rapid
Syncope No Occasional Repeated
Functional class I, 1] \Y,
6- MWD (m) >440 165- 440 <165

Cardiopulmonary exertion test

BNP or NT-proBNP

Imaging techniques

Hemodynamics

VO,- peak > 15 mL/kg/min
(>65%)VE/ VCO, <36%

BNP <50 ng/L

NT- proBNP < 300 ng/L
RA area < 18cm?

No pericardial effusion

RAP < 8 mmHg
CI> 2.5 L/min/m?
SvO,>65%
ScvO,>70%
PaO, < 80mmHg

VO,- peak 11-15 mL/kg/min (35%-
65%)

VE/ VCO; (36%- 44.9%)

BNP 50-300ng/L NT- proBNP 300-
1400 ng/L

RA area 18-26 cm?

Without or with minimal pericardial
effusion

RAP 8-14 mmHg

Cl 2.0-2.4 L/min/m?
Sv0,60%-65%

ScvO, 55%-70%

PaO; < 50-65 mmHg

VO,- peak<11 mL/kg/min
(<35%)

VE/ VCO, (>45%)

BNP >300ng/L

NT- proBNP >1400 ng/L
RA area > 26 cm?
Pericardial effusion

RAP >14 mmHg
Cl <2.0 L/min/m?
SvO,<60%
ScvO, <55%
PaO, < 50 mmHg

VE/VCO:2 = The ratio between minute ventilation and CO2 production, VO2- peak = Peak oxygen uptake, RHF= Right heart failure, 6- MWD= 6-min walk distance test,
BNP= Brain natriuretic peptide, Cl= Cardiac Index, NT- proBNP = N- terminal prohormone brain natriuretic peptide, RA= Right atrium, RAP= Right atrium pressure,

179

SvO: = Oxygen saturation mixed venous blood, ScvOz = Central venous oxygen saturation



Medicine and Medical Research: New Perspectives Vol. 11
A Comprehensive Review of Anesthesia and Pulmonary Hypertension: Insights into Preoperative
Preparation, Monitoring and Treatment

Intraoperative monitoring and management: Anesthesia or sedation is highly
risky in PH patients with or without RVF. Operation groups according to risk ratio
are given in Table 4 [6,14]. Since PH patients are difficult to manage,
hemodynamic instability is quite common. Currently, anesthesiologists are
increasingly likely to encounter PH patients who apply for elective operations
[14,31]. Understanding the underlying cause, subgroup, and severity of PH allows
anesthesiologists to make a comprehensive anesthesia management plan to
reduce patient-related risks [7]. With the advent of advanced hemodynamic
monitoring techniques and treatments, the successful management of these
patients is increasing [31].

Individualized preoperative risk evaluation, treatment optimization, and advanced
peri-operative planning can reduce difficulties and complications. To minimize
complications, evidence-based, systematic, and disciplined team consensus is
required. Anesthetic and surgical stress can exacerbate PH and lead to
arrhythmias, CHF, myocardial infarction, postoperative respiratory failure,
hemodynamic instability, and delayed extubation [27]. Anesthesiologists need to
optimize hemodynamics, ventilation, oxygenation, and perfusion, maintain body
temperature, acid-base, and fluid-electrolyte balance, use therapeutic vasodilators
or vasopressors when necessary, avoid factors that may trigger PH, and control
pain peri-operatively to ensure better outcomes [7].

Anesthetic applications of PH are shown in Table 5 [6,14,27].

In the case of intravascular volume depletion due to insensible losses and
excessive blood loss, the CO decreases because of insufficient right-sided filling
pressures, and therefore perfusion cannot be achieved [6]. If necessary, volume
replacement with appropriate fluids and inotropes should be started immediately.
The main goal of anesthetic management in PH patients should be to prevent RVF
and PH crises and to provide systemic perfusion [16].

Patients with PH should be appropriately premedicated, but adequate
preoxygenation should be ensured, especially in anesthesia induction, and
hypotension and respiratory acidosis to be prevented as much as possible.
Invasive monitoring should be performed in addition to standard monitoring, based
on the risk of the operation, duration, and concomitant diseases [7]. The American
Society of Anesthesiologists recommends ECG, noninvasive heart rate, blood
pressure (BP) devices, pulse oximetry (SpO2), respiratory rate (RR), end-tidal
carbon dioxide (EtCOz2), and temperature monitoring for all surgical cases. Cardiac
output (CO) monitoring with advanced dynamic parameters may guide
hemodynamic management in major surgeries. Neuromuscular monitoring should
be performed with bispectral index (BIS) and train-of-four monitoring. While
standard monitoring is considered adequate for minor and moderate operations in
functional status Il, all major operations and procedures in functional status Il
should be performed with advanced monitoring [7]. Warm fluids are of choice to
prevent hypothermia and i.v. liquid heaters, heating blankets, and forced air
heaters should be used [6,14,15,27].
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Intermittent ABG sampling should also be performed. An arterial line may be
placed to provide continuous access to ABG samples and systemic BP monitoring.
It allows rapid intervention, appropriate ventilation management, and drug
treatment determination [32-34]. Central venous -catheterization should be
performed carefully to prevent triggering arrhythmias. Central venous pressure
(CVP) can be monitored for volume status. CO monitoring includes the following
hemodynamic parameters [7]:

*  Systemic vascular resistance (SVR)

*  Stroke volume

e Pulse pressure variation

e Stroke volume variation

e Extravascular lung water

e Cardiac index (Cl)

e Central venous oxygen saturation (ScvO3)
*  Mixed venous oxygen saturation (SvO2).

TEE must be kept in the operating room intraoperatively. PAC can be placed and
evaluated preoperatively in severe PH cases when necessary [14,34-36]. The
main goal in perioperative targeted therapy should be to ensure the perfusion and
oxygenation of vital organs [37]. In addition, its monitoring can show global tissue
perfusion [34,7] In our clinic, we perform PAC in PH patients undergoing major
surgery and support it with TEE. TEE can give information on cardiac wall motions,
anatomy, and valves’ functions, and evaluate volume status [14,38-40].

Table 3. Peri-operative risk assessment according to transthoracic
echocardiogram (systolic pulmonary artery pressure, tricuspid annular
plane systolic excursion/systolic pulmonary artery pressure and tricuspid
regurgitation velocity) [7]

RV/PA TAPSE/sPAP TRV Second  Probability Severity
systolic (mm/mmHg) (m/sn) ary of PH of PH
pressure signs of
(sPAP) PH
<35 mmHg or <0.55 <2.8 No Low Mild
undetectable
<35 mmHg or 0.19-0.32 2.9-34  Yes Intermediate  Moderate
undetectable No
35-50 mmHg
35-50mmHg >0.19 >3.4 Yes High Severe
>50 mmHg Not High

required

sPAP=Systolic pulmonary artery pressure, TAPSE=Tricuspid annular plane systolic excursion,
TRV=Tricuspid regurgitation velocity, PH=Pulmonary hypertension, RV=Right ventricular,
PA=Pulmonary artery
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Table 4. Types of surgery according to risk status in patients with
pulmonary hypertension [7]

Low risk <1%

Intermediate risk 1%-5%

High risk >5%

Superficial surgery

Intraperitoneal
splenectomy, hiatal hernia
repair cholecystectomy

Aortic and major vascular
surgery

Breast CEA and CAS Open lower limb
revascularisation or
amputation

Dental Peripheral arterial Tromboembolectomy

angioplasty

Endocrine thyroid Endovascular aneurysm Duodenal- pancreatic
surgery

Eye Endovascular aneurysm Live resection

repair

Reconstructive Head and neck surgery Bile duct surgery

Carotid symptomatic Neurological or orthopedic Oesophajectomy

(CEA or CAS) major (hip and supine

surgery)

Gynaecologic minor Urological or gynecological  Adrenal resection

major

Renal transplant Total repair of a perforated
bowel

Total cystectomy

Orthopedic minor
(meniscectomy)
Urological minor
(transurethral resection
of the prostate

Intra- thoracic nonmajor

Pneumonectomy
Pulmonary or liver transplant
CEA-= Carotid endarterectomy, CAS= Carotid artery stenting

5. ANESTHETIC TECHNIQUE PREFERENCE AND METHODS

Currently, no evidence-based information is available for choosing general,
regional, or combined anesthesia as anesthetic techniques for PH patients.
General anesthesia (GA) is frequently used in patients with PH. However, current
PH guidelines and experts recommend regional anethesia (RA) in eligible patients
for elective surgeries, as positive pressure ventilation (PPV) with high positive end-
expiratory pressure (PEEP) and tidal volume may worsen RV afterload. Spinal
anesthesia should be avoided as much as possible due to its sympathetic-blocking
effects and rapid onset [14]. Many opinions suggest a balanced method with high-
dose opioids and low-dose inhaled anesthetics if GA is to be applied [14,15,7]. It
is vital to maintain RV function and reduce risk factors that cause pulmonary
vasoconstriction (increasing RV afterload) or systemic hypotension (reducing RV
perfusion) [40]. Epidural and/or peripheral nerve blocks are useful in peri-operative
pain control. Uncontrolled pain may trigger PH. Therefore, it is important to make
a personalized plan according to the underlying etiology, pathophysiology, and
systemic involvement in a patient with PH [14-16,7].

The advantages of GA include controlled ventilation, safe oxygenation,
uncomplicated airway, and a direct route for administering inhaled pulmonary
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vasodilators. The disadvantages of GA are due to PPV, PEEP, and the BP
changes caused by anesthetics. Severe hypotension may decrease coronary
perfusion pressure (CPP), resulting in a vicious circle that may lead to RV
ischemia, disruption of RV contractility, cardiogenic shock, and even death [41].

Sufficient depth of anesthesia and analgesia provide reduced catecholamine
discharge and PVR. Laryngoscopy and intubation can cause PH crisis, RVF, and
death in patients with serious PH; thus, meticulously laryngoscopy and intubation
methods are essential. Lidocaine, opioids, Mg**, a-2 agonists, and nonhistamine-
releasing nondepolarizing muscle relaxants can reduce the sympathetic response
and suppress the stress response to intubation [14,7]. Moreover, i.v. or nebulized
treatments with inhaled NO (iNO) or prostanoids may be given to minimize PH
responses to intubation. The overall goal should be to prevent changes in preload,
SVR, and contraction of RV to maintain CO [42].

Before induction of GA, a patient with PH must be adequately pre oxygenated with
100% fractionated inspired oxygen (FiO2) to prevent hypercarbia, respiratory
acidosis, and hypoxemia, and to increase functional residual capacity. Oxygen is
a pulmonary vasodilator and helps prevent hypoxemia. Triggering factors such as
hypoxemia, hypercapnia, acidosis, hypotension, and hypothermia should be
avoided, and appropriate ventilation, adequate fluid therapy, and low-dose
vasopressor should be administered when needed [Table 5] [6,30,43-45,7].

There is no ideal anesthetic agent for PH patients. After premedication with
benzodiazepines, balanced anesthesia induction and maintenance can be
achieved with concomitant use of opioids, etomidate, propofol, ketamine, o-2
agonists (dexmedetomidine and clonidine), and/or volatile anesthetics (such as
isoflurane and sevoflurane), as appropriate [41].

Benzodiazepines, which cause minor respiratory depression and hemodynamic
changes, can be used carefully in unstable conditions. Hemodynamic effects of
inhalational or i.v. anesthetics are given in Table 6 [7]. Propofol does not increase
systemic vasoconstriction with minimal pulmonary vasodilation [31]: Propofol
significantly reduces SVR and slightly reduces cardiac contractility [42]. Therefore,
propofol may trigger oxygen desaturation in patients with cardiac shunt and high
PVR by accelerating the right-to-left shunt. Therefore, care should be taken in
induction [42]. Although thiopental has no effect on PVR, it decreases RV
contractility and causes myocardial depression and hypotension [27].

Etomidate is a widely recommended induction agent because of its rapid onset
and hemodynamic stability with minor effects on myocardial contractility, SVR, and
PVR [27,42]. Ketamine-induced catecholamine release may cause pulmonary
vasoconstriction, and this effect can be attenuated with pulmonary vasodilators,
benzodiazepines, or increasing FiO [41,7]. Ketamine preserves SVR and BP
without causing excessive PVR, thereby protecting systemic and pulmonary
circulation. In addition, low doses of ketamine as part of the multimodal analgesia
may be beneficial for pain control [27,46].
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Opioids have a modest impact on PVR and can be used to blunt response to
sympathetic stimulation [27,41,46]. Short-acting opioids, including remifentanil, are
highly recommended anesthetic drugs in balanced anesthesia [27,46,47].
Neuromuscular agents such as atracurium and mivacurium that can increase PVR
by releasing histamine should be avoided in patients with PH. Rocuronium and
vecuronium are generally preferred as neuromuscular blockers [27,47,7].

Dexmedetomidine is a centrally acting o-2 agonist that prevents the increase in
PVR by reducing the stress and hemodynamic response to intubation and
extubation with its sympatholytic effect. Dexmedetomidine is a convenient and
effective sedative-anesthetic drug for reducing opioid usage in both GA and RA. It
is an important advantage that dexmedetomidine does not interact with diuretics
and phosphodiesterase (PDE)-5 inhibitors used in the treatment of PH [48].

Table 5. Anesthetic implications of severe pulmonary hypertension [7]

Period Anesthetic implication
Preoperative A comprehensive evaluation of PH severity
Avoid anxiety, pain and sympathetic stimulation
Avoid oversedation and hypoventilation
Continue all PH- specific, long- term therapy perioperatively
Intraoperative Use suitable invasive monitoring
Provide adequate anesthesia and analgesia
PPV parameters
FiO, titrate to 60%-100%
Low tidal volumes (6mL/kg)
PaCO,: 30-35 mmHg
EtC0O,:30-35 mmHg
Low PEEP (5-10 cmH,0)
Aggressively treat hypotension
Maintain sinus rhythm
Maintain systemic pressures
Optimize RV function and CO with adequate preload, SVR and
contractility
MAP> 65 mmHg, CI > 2.2 L/min/m?
Monitor RV and treat dysfunction
Optimize fluid balance
Minimize blood loss
Minimize transfusion
Avoid trigger factors that worsen PH and increase PVR:
Hypoxemia
Hypervolemia
Increased intrathoracic pressure
Atelectasis and hyperinflation
Pain
Consider pulmonary vasodilators to decrease RV afterload
Postoperative Avoid pain and shivering
Advanced monitoring
Closely follow up first 48-72 h in the ICU
PH= Pulmonary hypertension, PPV= Positive pressure ventilation, FiO>= Fraction of inspired oxygen,
PaCO2= Partial pressure of CO, EtCO.= End- tidal CO2, PEEP= Positive end- expiratory pressure,
RV= Right ventricular, MAP= Mean arterial pressure, CO= Cardiac output, Cl= Cardiac index,
PVR= Pulmonary vascular resistance, SVR= Systemic vascular resistance, ICU= Intensive care unit
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Table 6. Effect of anaesthetic agents [7]

Anesthetic agent RV contractility PVR SVR
Isoflurane 1 1 l
Desflurane 1 1 l
Sevoflurane 1 — l
NO 1 T T
Thiopental l > l
Etomidate - - —
Ketamine l tadult, child— 1
Propofol 1 l 1
Opioids — > l
Dexmedetomidine — — 1

11: Marked decrease, 11: Marked increase, 1: Increase, |: Decrease, <>: No change, -: Not known,
RV: Right ventricular, PVR: Pulmonary vascular resistance, SVR: Systemic vascular resistance,
NO: Nitrous oxide

Volatile anesthetics reduce hypoxic pulmonary vasoconstriction (HPV), thus
decreasing ventilation-perfusion (V/Q) matching [49]. Volatile anesthetic agents
can be administered without adverse effects on PVR. Minimum alveolar
concentration values of below 1.0 are generally recommended to minimize
myocardial depression. BIS monitoring can be helpful in evaluating the anesthetic
depth.l46] All inhalation anesthetics reduce SVR by blocking ATP-dependent K*
channels, causing vascular smooth muscle relaxation and eventually hypotension.
Nitrous oxide should not be used due to increases in PVR [27,42,46,47,7].
Desflurane increases HPV, while isoflurane reduces the severity of HPV.
Isoflurane and desflurane may reduce RV contractility in a dose-dependent
manner with a rise in RV afterload [50].

Isoflurane and enflurane cause pulmonary vasodilation and inhibition of
endothelium-dependent relaxation without prominent change in pulmonary
circulation tonus. Sevoflurane causes a decrease in RV function and has a
pulmonary vasodilation effect similar to isoflurane, which does not affect PVR. In
PH patients, sevoflurane and isoflurane are generally preferred for induction and
maintenance of anesthesia [51].

Extubation should be performed in patients with FiO2 below 40% and appropriate
ventilation parameters. In addition, deep or early extubation should be preferred to
prevent sympathetic stimulation in these patients [27,46,47,7].

As a result, balanced anesthesia with opioids and low-dose volatile anesthetic
agents is used for maintenance. Maintaining the balance between oxygen delivery
and consumption during anesthesia and surgery is important [27,42,46]. In our
clinic, etomidate and opioids are mostly used for anesthesia induction. We use
remifentanil or dexmedetomidine, volatile agents (sevoflurane), and
neuromuscular blockers (rocuronium and vecuronium) for anesthesia
maintenance in these patients. We also use dexmedetomidine for anesthesia and
sedation in patients who have epidural anesthesia.

RA techniques can help maintain spontaneous breathing and avoid high
pulmonary artery pressure (PAP) and intrathoracic pressure caused by PPV [42].
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Plexus blockades and peripheral nerve blocks are advantageous as they minimally
affect hemodynamics, and have a high success rate and better postoperative pain
control. Continuous RA methods are significant utilities for both intraoperative
anesthesia and postoperative analgesia. When administering epidural analgesia,
the concentration, dose, and volume of drugs should be fractionated and
administered carefully, as they cause SVR, CPP reduction, and RVF [42,43]. In
thoracic and abdominal surgery, the combined administration of GA and thoracic
epidural anesthesia (TEA) is recommended to decrease the utilization of GA
anesthetics and peri-operative opioid consumption. TEA has no adverse effect on
oxygenation and PVR [43,44]. However, high-level epidural block (T1-T4) may
cause a sympathetic blockade that alters cardiac inotropy and chronotropy.
Epidural anesthesia and analgesia in patients with PH are associated with reduced
arrhythmias, improved CO, better pain control, and reduced postoperative ileus.

Management of pulmonary hypertensive crisis: Factors such as hypotension,
hypoxia, hypovolemia, hypervolemia, hypercarbia, respiratory or metabolic
acidosis, hypothermia, raised intrathoracic pressure, and pain may cause major
cardiopulmonary complications by increasing PVR [6,14,27,42,51]. In a PH crisis
(e.g., increased PVR and PAP intraoperatively), the most critical point is to avoid
increases in RV afterload and PVR. Maintaining RV contractility is crucial. Since
calcium channel blockers reduce SVR, CO, and CPP, they may cause ischemia in
the PH crisis. Decompensated RVF, cardiogenic shock, and even death may occur
due to PH crisis [51] Hypothermia should be avoided as much as possible since it
increases SVR, V/Q mismatch, HPV, shivering, energy consumption, and
ultimately PAP to a significant extent. It is essential to maintain ventilation,
oxygenation, systemic perfusion, and hemodynamics [Table 5] [14,32,34].

Management of hypotension: Sudden hypotension should be avoided during
anesthesia scenarios [2,6,42]. Severe hypotension can worsen RV function in two
ways: reducing CPP and ventricular interdependence [51,52]. As a result,
perfusion deteriorates gradually and often manifests as cardiogenic shock together
with ischemic events [6,14,27,51,52].

TTE or TEE is the gold standard in diagnosing and guiding treatment approaches
in PH patients with hypotension because it provides detailed information about
cardiac function and volume status [39]. Since these patients have poor tolerance
to systemic hypotension, they should be treated with appropriate inotropes and/or
vasopressors such as NE, vasopressin, phenylephrine, and dobutamine.
Treatment with iINO, a synthetic analog of PGl2, or inhaled vasodilators such as
iloprost may be beneficial to prevent exacerbations. It does restore systemic BP
and CPP [52]. The hemodynamic effects of drugs used in PH are given in Table 7
[52-58,7].

Vasopressin is a noncatecholamine agent that effectively restores SVR without
increasing PVR, RV afterload, and tachyarrhythmias [53]. Since vasopressin
induces coronary vasoconstriction at high doses (>0.08 U/min), the dose should
be kept within a narrow range (0.01-0.08 U/min). Many authors recommend
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vasopressin as the first agent to increase contractility and SVR, and to prevent
hypotension for patients with PH in general and noncardiac surgery [53,54,7].

Pure a-agonists should not be given to prevent hypotension due to their negative
effects on the pulmonary circulation. NE is usually preferred to phenylephrine in
these patients [55,56]. Dobutamine is a synthetic f1-and $2-agonist with mild
peripheral a-agonists activity. It protects SVR at lower and intermediate doses
primarily by its chronotropic effect. It improves CO and reduces PVR. Since
dobutamine also produces systemic vasodilation, it will potentiate the systemic
vasodilation effect of anesthetics. Thus, NE having inotropic and vasopressor
properties is more often preferred intraoperatively [57,58]. In our clinic, we use NE
or vasopressin as the first choice in case of systemic hypotension.

Table 7. Drug’s effects on hemodynamic parameters [7]

Cl PVR SVR PVR/SVR TSG
Inotropes
Epinephrine 1 1 1 ! )
Dobutamine " l ! 1 I
Isoproterenol 1 — — — —
Dopamine* 1" /1 1 i /1
Inodilators
Milrinone M 1 1 l H
Levosimendan "M I U Il H
Vasopressors
NE T ) T 1 —
Phenylephrine ! ™M N 1 —
Vasopressin ! 1" l /1

IV prostanoids

PGI, (epoprostenol/flolan) — 1 l l l

t=Increased, |=Decreased, —=No change, Cl=Cardiac index, PVR=Pulmonary vascular resistance,
SVR=Systemic vascular resistance, TSG=Transeptal gradient, PGl.=Prostacyclin, NE=Norepinephrine

We use iNO, sildenafil, and milrinone frequently in our clinic in addition to these
treatments when necessary. Extracorporeal membrane oxygenation (ECMO) can
contribute cardiopulmonary support when acute RVF is refractory to medical
therapy in the appropriate indication and clinical condition [41,52,59,7].

6. MANAGEMENT OF ARRHYTHMIAS

Although ventricular arrhythmias are infrequent, atrial flutter and AF are more
common and can lead to right heart decompensation. In addition, these rhythm
disturbances impair myocardial oxygenation, resulting in decreased RV
compliance and diastolic dysfunction. As a result, systemic hypotension and RV
ischemia may develop, worsening decompensation. Establishing and maintaining
sinus rhythm in patients with Parkinson’s disease is extremely important. The aim
should be to rapidly provide normal sinus rhythm with cardioversion, ablation, or
amiodarone in the preoperative period [59]. In cases where cardioversion or
ablation are not suitable; calcium channel blockers, B-blockers, and amiodarone
should be considered in the preoperative period [51,7].

We insist on maintaining normal sinus rhythm perioperatively whenever possible.
We use amiodarone as the first agent for intraoperative arrhythmias. According to
the patient’s clinic, we also use B-blockers or calcium channel blockers.

187



Medicine and Medical Research: New Perspectives Vol. 11
A Comprehensive Review of Anesthesia and Pulmonary Hypertension: Insights into Preoperative
Preparation, Monitoring and Treatment

Fluid management: Maintaining an optimal intravascular volume status in PH
patients is important and difficult. Relative or true hypovolemia may develop when
continuous fluid-blood losses are combined with the inflammatory response and
prolonged losses to the third space from major surgery. In such surgeries,
replacement should be done with appropriate fluids to ensure effective
intravascular volume [51,52,7].

Since RV dysfunction is present in most PH cases, fluid overload and the
development of RVF have to be considered. These may be difficult to detect
clinically. Since large volumes of fluid infusion can cause RVF due to existing RV
dysfunction and, indirectly, left ventricular (LV) dysfunction. Fluids should be given
by analyzing dynamic parameters with CO monitoring. Cold liquids should be
avoided as much as possible, as they may cause RV oxygen supply-consumption
imbalance [6,27,51,59,7]. In major surgeries, patients with RVF poorly tolerate
pericardial-pleural effusions due to excessive fluid shifts and blood loss impairing
systemic perfusion and pressures. Thus, major surgeries result in increased
mortality and morbidity in these populations [26,27].

Drug management: Vasodilator drugs frequently used in PH are iNO,
prostanoids, PDE-3-5 inhibitors, and endothelin receptor antagonists (ERA) [51].
The effects and doses of vasodilator drugs are given in Table 8 [51,52,58-61]. The
aim of treatment in PH is to reduce RV afterload and PVR. Inhaled pulmonary
vasodilators are the most effective, accurate, and safe methods of restoring
cardiac functions in PH [7].

* iNO (540 ppm continuously)

* Inhaled PGI2z (nebulized or i.v. 2-20 pg/kg/min)

* lloprost (5-10 mg, inhaled over 10 min, every 2—4 h or i.v. 1-3 ng/kg/min)
*  Milrinone (25-50 pg/kg bolus, 0.5-0.75 pg/kg/min infusion)

e Sildenafil (0.25-0.5 mg/kg, every 4-8 h peroral, or i.v. 1.6 mg/kg/day)

*  Nitroglycerine (i.v. 2-10 ug/kg/min)

*  Sodium nitroprusside (0.2-0.3 pg/kg/min)

e Epoprostenol (10-50 ng/kg/min continuously) [52,56-61]

However, inhaled pulmonary vasodilator therapies have no effect on the chronic
thromboembolic PH subtype [60,61].

In the treatment of PH, iNO is widely used in all periods [41]. iINO dilates pulmonary
vascular smooth muscle by activating cyclic guanosine monophosphate (cGMP).
Since iNO is rapidly inactivated by hemoglobin, it has no systemic vasodilator
effect. INO causes pulmonary vasodilation, reducing PVR, RV afterload, and PAP
without affecting SVR [52]. Since iNO only reaches the alveoli involved in gas
exchange, it improves the ventilation/perfusion balance by increasing pulmonary
blood flow in these areas [62-64]. In addition, iINO significantly improves ScvO2
and CO in critically ill patients with circulatory shock secondary to RVF [64,65].
However, its effects are short-term as it is rapidly degraded by cGMP-PDE [7].
Prostacyclin causes pulmonary vasodilation by activating cyclic adenosine
monophosphate [64]. The effects of inhaled epoprostenol on hemodynamics and
V/Q adjustment are similar to those of iINO. Furthermore, prostacyclins inhibit
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platelet aggregation with vasodilatory effects. Pulmonary vasodilators should be
used with caution in PH subtypes caused by pulmonary venous-occlusive disease,
pulmonary vein stenosis, and LHD, as their use before the obstruction is resolved
can lead to acute, life-threatening fatal outcomes [63]. Systemic vasodilators cause
a significant decrease in RV perfusion pressure by vasodilating the pulmonary and
systemic vasculature. ERAs produce vasodilation by antagonizing endothelin.
Besides, they have anti-inflammatory effects and they reduce vascular smooth
muscle proliferation [62,7] These drugs are effective in improving hemodynamics
and exercise capacity. In our clinic, ERAs and PDE-5 inhibitors are prescribed
orally by the cardiologists in the preoperative period in these patients. Since
inhaled pulmonary vasodilators may cause rebound PH and RVF, dose adjustment
and discontinuation should be made carefully [64,65].

Milrinone is a PDE-3 inhibitor with inodilator properties that improve LV and RV
contractility, CO and it causes peripheral and pulmonary vasodilation. Co-
administration of inotropic and/or vasopressors may be required to provide
adequate mean arterial pressure (MAP) [41,52,7]. Drugs used to provide
hemodynamic stability during anesthesia for patients with PH are given in Table 8
[7]. Vasopressin has minimal pulmonary vasoconstrictive effects. Concomitant use
of milrinone and vasopressin in the intraoperative period is appropriate for
preserving RV contractility, SVR, and reducing PVR [52,66]. Dobutamine can be
used together with milrinone because it reduces PVR [41].

In our clinic, we continue i.v. pulmonary vasodilator therapy in the intraoperative
period. In addition to this treatment, we use iNO and milrinone with NE or
vasopressin. Inhaled pulmonary vasodilators may be administered through a high-
flow nasal cannula, which may facilitate weaning and extubation [67,68]. Oral
sildenafil and tadalafii of PDE-5 inhibitors potentiate the effect of inhaled
pulmonary vasodilators [52]. They are effective in all types of PH, including LHD
[69]. Unlike other systemic vasodilators, they do not worsen intrapulmonary shunt
in chronic respiratory diseases [52,69-71]. PDE-5 inhibitors should be titrated
slowly as they may cause systemic hypotension in the peri-operative and oral
sildenafil with milrinone infusion postoperatively when necessary. Inotropics are
often necessary to restore RV systolic function [52,7].

Despite all interventions, patients with severe PH may not improve their RV
dysfunction and cardiogenic shock with severe deterioration of organ perfusion
may occur. Maintaining systemic perfusion is the most critical goal. The most
effective and fastest way is to initiate veno-arterial (VA)-ECMO [59]. It contributes
to the improvement of oxygenation and ventilation, significantly reducing PVR [72].
This may allow time to supplement other therapies with respiratory and cardiac
supports [7]. Furthermore, it is used as a bridge to transplantation in more critical
situations [73]. We use VA-ECMO to prevent RVF and assist circulation when
necessary.

Ventilation and oxygenation strategy: The optimization of ventilation and
oxygenation is based on surgery type and anesthesia strategy. PPV worsens CO,
[74], especially in the failing RV [75]. For adequate oxygenation, high FiO2 (0.6—
1.0) is typically used to prevent hypoxic vasoconstriction. It is appropriate to start
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with a tidal volume of 6 mL/kg and not to increase the peak airway pressures above
30 mmHg [14]. Alveolar overstrain should be avoided to prevent the increase in
PVR. The RR should be adjusted to target PaCO: of 30—35 mmHg and EtCO: of
30-35 mmHg [7]. Since hypercarbia and acidosis can increase pulmonary
vasoconstriction and worsen PH, adequate minute ventilation should be provided
[14,27]. PEEP is set to 5-10 cmH O, ideally [27]. Adequate PEEP and recruitment
maneuvers may contribute to the maintenance of V/Q matching. Higher PEEP
levels can reduce preload and cause systemic hypotension. It may be required to
increase FiO2 rather than PEEP to improve oxygenation. In thoracic surgery, one-
lung ventilation is avoided as much as possible because blood flow to the
nonventilated lung decreases and the ventilation/perfusion ratio deteriorates,
resulting in acute exacerbation of HPV-related PH [14,7].

In laparoscopic surgeries, pneumoperitoneum with insufflation reduces lung
compliance and venous return due to increased intraabdominal pressure leading
to the deterioration of oxygenation and hemodynamics. In addition, increased
intraabdominal pressure and hypercarbia may trigger existing PH and lead to
significant complications [14]. Therefore, close and careful monitoring is
recommended to ensure mPAP <35, PVR/SVR ratio <0.5, MAP >65 mmHg,
systolic pressure >90 mmHg, and Cl >2.2 L/min/m? [6,14,27,52].

7. ANESTHESIA FOR PREGNANTS WITH PULMONARY
HYPERTENSION

Changes occur in vital organs due to physiological, mechanical, and hormonal
effects during pregnancy. These effects, in turn, are due to: (1) constrict of the
nearby organs by enlargement of the uterus, (2) increment of relaxin peptide,
which mediate the vasodilatory effects of hormonal changes by estrogen and
progesterone and facilitate blood flow to critical organs, (3) increases in the
systemic circulation [7]. PH makes significant changes in all systems
(cardiovascular, respiratory, and hematologic) of pregnant woman [76] In pregnant
with PH, the outcome is not good despite advanced treatments. Avoiding
pregnancy as possible for these patients is recommended. Epoprostenol,
treprostinil, nebulized iloprost, sildenafil, and iINO can be used in medical
treatment. ERAs are contraindicated during pregnancy due to their teratogenic
effects [76-78].

In these patients, elective cesarean section is usually recommended under
epidural or low-dose combined spinal-epidural anesthesia at 34—36 weeks [77,78].
The target should be to maintain sufficient pain control while minimizing adverse
effects. Early neuraxial analgesia (epidural, combined spinal-epidural) is
recommended to reduce catecholamine-related cardiovascular stress due to labor
pain. Controlled infusion analgesia or programmed intermittent bolus technique is
preferred. The goal in normal labor is painless delivery without significant motor
block [78,7]. Appropriate volume replacement and, if necessary, a vasopressor
infusion can be used to minimize the vasodilator effects of spinal and/or epidural
anesthesia. Most anesthesiologists choose a combined spinal-epidural approach.
According to the literature, the maternal mortality rate has been reported to be
similar in RA and GA (~20%) [77].
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Table 8. Drugs used in the treatment of pulmonary hypertension [7]

Mechanism

Treatment dose

Adverse effects

Prostanoid
Epoprostenol Pulmonary vasodilation IV: 1-2 ug/h increase as tolerated with Systemic hypotension, flushing,
initial target 6 mL/h after 48-72h headache, diarrhea, leg and jaw pain
lloprost Pulmonary vasodilation IV: 1-2 ng/kg/min increase as tolerated Systemic hypotension, flushing,
with initial target 10 ng/kg/min after headache, diarrhea, leg and jaw pain
48-72 h
NO pathway
NO Pulmonary vasodilation Nebulized 5-80 ppm continuously Rebound PH, methemoglobinemia
Inotropes
Dobutamine Citt IV: 2.5-20 pug/kg/min Tachycardia
PVR| Hypotension
Tachyarrythmias
Dopamine Citt IV: 3-10 pg/kg/min Tachycardia
PVR&/1 Hypotension
SVR? Tachyarrythmias
Inodilators
Milrinone Citt IV: 50 ug/kg over 10 min. then 0.375- 0.75  Hypotension
PVR|] ng/kg/min.
SVR|| Nebulized: 0.2- 0.3 mL/min.
Levosimendan Citt 6-12 pg/kg/min over 10 min. then 0.1 Hypotension
PVR]] ng/kg/min infusion
SVR||
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Mechanism Treatment dose Adverse effects

Vasopressors

NE Clt IV: 0.01-0.4 pg/kg/min Bradycardia
PVR?
SVR?T

Phenylephrine Cl} IV: 40-100 ng bolus, 50-300 pg/min Bradycardia
PVR1?1
SVR11

Vasopressin Cl} 1V: 0.001-0.004 U/min Bradycardia
SVR11

1: Increased, |: Decreased, < : No Change, Cl: Cardiac index, PVR: Pulmonary vascular resistance, SVR: Systemic vascular resistance, IV: Intravenous,
NO: Nitric oxide, NE: Norepinephrine
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Comprehensive knowledge of pathophysiological changes in pregnancy and a
multidisciplinary approach with related specialties are needed for better anesthetic
management of pregnant with PH. Pregnant women have a higher risk of difficulty
with airway and aspiration. Due to these risks and the variable cardiopulmonary
balance in patients with PH, RA should be preferred to GA whenever possible. It
is suggested that these patients are followed up in the ICU [7].

Both pregnancy and PH predispose to thrombosis [76-78]. The most common
cause of mortality is RVF and PTE in the peripartum period. Pregnant women with
PH undergoing RA have a high risk of hematoma, and care should be taken in the
peripartum period [77,78]. We prefer epidural anesthesia to reduce sympathetic
charge and control pain if surgery is not emergent.

8. POSTOPERATIVE CARE IN PULMONARY HYPERTENSION

The most risky period for PH patients undergoing noncardiac surgery is the
postoperative period. These patients are followed up in postanesthesia care unit
(PACU) and ICU for the first 48—-72 h. Many patients with mild PH (mPAP <35
mmHg) undergoing low-risk and minor surgery can be effectively managed in the
PACU. Appropriate management of these patients with a multidisciplinary
approach perioperatively will reduce mortality and morbidity [79,80]. PACU staff
should be given clear instructions regarding early physiological symptoms of
deterioration and be thoroughly informed about who should be informed [80,81].
In our clinic, we follow the patients with mild PH in PACU for the first 24 h and
those with moderate and severe PH in ICU for the first 48-72 h [7].

Patients with PH are at high risk of sudden increases in PVR, arrhythmias, fluid
shifts, PTE, ischemia, respiratory failure, and RVF. The most common causes of
mortality are respiratory failure (60%) and RVF (50%) [6,27,51,52,80,81].

As in acute respiratory distress syndrome, a protective ventilator strategy should
be used for patients on mechanical ventilation [52]. Hypercarbia and acute
respiratory acidosis may develop with a protective ventilation strategy, which may
increase PVR. Therefore, the ventilator parameters must be adjusted accordingly.
Hypoventilation and alveolar derecruitment may occur during spontaneous
breathing trials [14,41,52]. Early mobilization and respiratory therapies are
important to prevent atelectasis [52] To prevent hypoxemia, oxygen
supplementation must be provided, and SpO2 must be kept above 92%
[52,79,81,82,7].

Post-operative atelectasis may increase RV afterload, impair the V/Q ratio, and
increase intrapulmonary shunt. In addition, atelectasis may cause fever and thus
increased metabolic rate, oxygen consumption, and eventually hypoxemia.
Aggressive pulmonary toileting is important for all PH patients and should be
started as early as possible. Spirometry, respiratory therapy, and if necessary,
noninvasive PPV with low PEEP should be performed early [52,81,82].

Ensuring diuresis is critical in the postoperative period to prevent RV volume
overload. Cardiac biomarkers such as Pro-BNP and troponin may be increased
due to RV overload.
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Fig. 3. Preoperative evaluation of the patient with pulmonary hypertension
and identified risk factors. ASA=American society of anesthesiologist,
CAD=Coronary artery disease, CKD=Chronic kidney disease,
PCWP=Pulmonary capillary wedge pressure, JVD=Jugular venous
distension, LVSF=Left ventricular systolic function, NYHA FC=New York
Heart Association Functional Classification, OSA=0bstructive sleep apnea,
PAH=Pulmonary arterial hypertension, PTE=Pulmonary thromboembolism,
PH=Pulmonary hypertension, PVYR=Pulmonary vascular resistance,
RA=Right atrium, RVF=Right ventricular failure, RVH=Right ventricular
hypertrophy, RVMPI=Right ventricular myocardial performance index,
RVSP=Right ventricular systolic pressure, SBP=Systolic blood pressure,
TVHSM=Tricuspid valve holosystolic murmur, ECG=Electrocardiographic,
*=Indicates the presence of high risk in patients with PH [7]

These markers, together with perfusion markers such as lactate, ScvO2 and SvO2
may contribute to the adjustment of diuretic therapy [80,7] In patients with oliguric
renal failure who do not respond to diuretic therapy, nephrology consultation is
needed for continuous renal replacement therapy, and a decision should be made
by common consensus [52,80-83].

Price et al. reviewed 13 clinical studies with adult PH, 8 with PH undergoing
endoscopy, 16 reviews, and 5 case reports for patients undergoing GA or sedation
for noncardiac and nonobstetric surgery. In these studies, 30-day mortality was
2%-18% and 15%-50% for elective surgeries and emergency surgery,
respectively. The most critical complication was RVF. Moreover, they suggest that
personalized preoperative risk evaluation, treatment optimization, and advanced
perioperative planning may improve outcomes [84].

Finally, the most common causes of early mortality in patients with PH are
respiratory failure, arrhythmia, and RVF [30,7] The incidence of surgery for any
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reason in patients with previously treated or undiagnosed or diagnosed and
incompletely treated PH continues to increase worldwide. Anesthesiologists need
to recognize the symptoms and signs correctly in the preoperative evaluation to
determine the safest anesthesia method and to manage the patient correctly in the
peri-operative period, as it will reduce the risk of complications and death
[3,6,14,24,27,30,41,52]. In our clinic, we have created a multidisciplinary team-
based approach to evaluating patients with anesthesia. In our study, which is in
progress in our clinic, we evaluate the postoperative follow-up, important risk
factors, and first 30-day complications in the postoperative period, mortality and
morbidity of previously diagnosed patients with PH.

9. CONCLUSION

Management of patients with PH peri-operatively requires knowledge and
experience. It is necessary to discuss the patient’s short and long-term care goals,
potential difficulties, and complications with a multidisciplinary team. The main
goals in anesthesia management are understanding the main pathophysiology,
optimizing functional status and hemodynamics, managing comorbidities, and
avoiding PH crisis and RVF [7]. A balanced anesthesia technique, including
inhalation agents, appropriate RA, and opioids may provide these patients steady
hemodynamic profile. In PH patients, advanced intraoperative and postoperative
follow-up, pulmonary vasodilator treatments, adequate anesthesia, and analgesia
should be considered. It is essential to optimize the patient for surgery in a
nonemergency situation and to organize treatment and education of the patient for
the long-term period of the disease.
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