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Editorial

Siripong Sirikurnpiboon, MD
Journal editor of The Thai Journal of Surgery
Volume 44 Number 3

Thailand has a high incidence of colorectal cancer
(CRQ). In 2017, the incidence of CRC was 14.1 per
100,000 for men and 10 per 100,000 for women, which
is likely to continue rising. Meanwhile, the Ministry of
Public Health established a colorectal cancer screening
project and distributed it to perform in each hospital of
the 13 health districts. Each health district has reported
the incidences of colon polyps and colorectal cancer
found in the early stages. However, each health district
also has difficulties and challenges in limiting medical
staff, patient preparation, medical resources, and screen-
ing access. Then, this issue of The Thai Journal of Sur-
gery will present the reports on colon cancer screening
and management of obstructive colon cancer, which
indicate the various limitations in colorectal cancer
screening in Thailand and the current reality, with the
hope that a comprehensive plan for colorectal cancer
care will completely develop in the future.

REFERENCES
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Comparison of the Short-Term Qutcomes after Primary
Anastomosis between an Emergency Operation with
Manual Fecal Decompression in Completely Obstructed
Left-Sided Colorectal Cancer and Non-Obstructed
Colorectal Cancer in Elective Bowel Preparation:

A Retrospective Single Center Study

Rakkiat Prasongdee, MD
Department of Surgery, Buri Ram Hospital, Buri Ram, Thailand

Abstract Background: There are several emergency surgical methods for completely obstructed colorectal cancer,
such as colostomy, tumor resection with Hartmann's procedure, or primary anastomosis with on-table lavage,
sometimes adding protective ostomy. This treatment depends on the patient's condition and the surgeon's experi-
ence. As aresult, patients need to undergo more than one operation. Therefore, if the effects of emergency surgery
combined with manual fecal decompression and primary anastomosis are as effective as elective surgery, it will
reduce patient complications.

Objective: To compare the short-term outcomes after primary anastomosis between an emergency opera-
tion with manual fecal decompression in completely obstructed left-sided colorectal cancer and non-obstructed
colorectal cancer in elective bowel preparation.

Methods: A retrospective study comparing the short-term outcomes after primary anastomosis in com-
pletely obstructed left-sided colorectal cancer between an emergency operation with manual fecal decompres-
sion and elective bowel preparation in non-obstructed left-sided colorectal cancer in Buriram Hospital from
2009-2023. Short-term outcomes were analyzed, including anastomotic leak, surgical site infection, hospital stay,
Dindo-Clavien classification, readmission, and mortality within 30 days after the operation. Given a statistically
significant difference of p-value < 0.05.

Received for publication 30 May 2023, Revised 8 September 2023; Accepted 12 September 2023

Corresponding author: Rakkiat Prasongdee, MD, Department of Surgery, Buri Ram Hospital, Buri Ram, Thailand,
31000; E-mail: rakkpras@gmail.com; Telephone: +66 81 878 6844
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Comparison of the Short-Term Outcomes after Primary Anastomosis between an Emergency Operation with Manual Fecal Decompression in Completely 77

Obstructed Left-Sided Colorectal Cancer and Non-Obstructed Colorectal Cancer in Elective Bowel Preparation: A Retrospective Single Center Study

Results: There were 105 left-sided colorectal cancer patients, 52 men and 53 women. Emergency surgery,
manual fecal decompression, and primary anastomosis 49 cases (46.7%), and elective surgery 56 cases (53.3%).
There was no statistically significant in postoperative complication, Dindo-Clavien classification, and mortality
in 30 days (p-value > 0.05). None of the patients had to be re-hospitalized within 30 days. Risk factors for com-
plications were age = 60 and preoperative comorbidity.

Conclusion: Emergency surgery for completely obstructed left-sided colorectal cancer with manual fecal
decompression and primary anastomosis is as effective as the short-term outcomes in elective bowel preparation
surgery for non-obstructed left-sided colorectal cancer.

Keywords: Left-sided colorectal cancer, Manual fecal decompression, Bowel preparation

INTRODUCTION

New cases of colorectal cancer are the fourth lead-
ing cause of death. Colon and rectal cancer prevalence is
38.55 and 38.73 per 100,000 people, respectively.' The
sites of colorectal cancer are the cecum 14%, ascending
colon 11%, transverse colon 5%, descending colon 5%,
sigmoid colon 22%, and rectum 27%.> Signs and symp-
toms are colonic obstruction 78%, pain 71%, and weight
loss 41%. Surgery is performed based on the location of
colon cancer and the patient's condition at the time, with
sigmoidectomy 39%, right hemicolectomy 29%, left
hemicolectomy 14%, colostomy 8%, total colectomy
4%, transversectomy and ileostomy 3%, there are many
surgical procedures after colon cancer resection such
as terminal stoma technique 34%, primary anastomosis
26% , mucosal fistula 16%, derivative stoma 10%, and
anastomosis with stoma protection 7%.’ There are sev-
eral treatment methods for colon cancer patients with
colonic obstruction, such as colonic stent insertion, ileus
catheterization, colonic lavage, and emergency surgery.
It was found that colonic lavage can perform one-stage
anastomosis in 37 out of 39 cases (94.8%)." Y. Hong dis-
covered complications caused by left colon surgery and
underwent colonic irrigation and primary anastomosis
surgery. There was only one case of anastomotic leak
(2.6%) and 7 cases of superficial surgical site infection
(18.4%).° K L R Cross performed surgical treatment for
colonic obstruction, using a decompression bowl tech-
nique at the height of 25 centimeters above the suture line
with side-to-side anastomosis; there was 1 out of 29 cases
of anastomotic leak (3.46%).° L Koskenvuo found no dif-
ferent results of preoperative bowel preparation plus anti-
biotics compared to no bowel preparation in elective right
or left colon cancer surgery in surgical site infection, total
complication index score, and anastomotic dehiscence.’
Similarly, in the Selcuk Kaya study in obstructed colon

cancer patients = 65-year-old, using the on-table lavage
technique, there was no difference between surgical site
infection, anastomotic leak, intra-abdominal bleeding
& infection, elongated ileus, and surgical evisceration.”
Dung Anh Nguyen studied the surgical outcomes of ob-
structive colon cancer in the right-sided colon, left-sided
colon, and rectum. There was no difference in anastomotic
leak, surgical site infection, and mortality rate; 27 out of
110 patients (24.5%) with cancer in the left-sided colon
underwent manual decompression.” Anemia, GFR < 45
mL/min/1.73 m?, and metastasis were factors that protec-
tive stroma surgery in obstructed left-sided colorectal
cancer could not be closed."” Elective surgery is a prepara-
tory surgery that results in a more planned outcome and
fewer complications than emergency surgery. Therefore,
if treating patients with obstructed left-sided colorectal
cancer by emergency surgery, manual fecal decompres-
sion, and primary anastomosis is as effective as elective
bowel preparation surgery in short-term outcomes, it
would greatly benefit the patient. This study compares the
short-term outcomes after primary anastomosis between
an emergency operation with manual fecal decompres-
sion in completely obstructed left-sided colorectal cancer
and non-obstructed colorectal cancer in elective bowel
preparation.

MATERIALS AND METHODS

Aretrospective study of left-sided colorectal cancer
patients admitted in Buriram Hospital from 2009-2023.
The inclusion criteria for the emergency surgery group
were completed colonic obstruction in left-sided colorec-
tal cancer diagnosed by symptoms, abdominal signs, and
acute abdominal series. After oncologic resection, the
meticulous milking technique for manual fecal decom-
pression started at the cecum, following through the distal
end until nearly clear fecal content in the colon.
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A 10% Povidone-iodine solution was applied at the
proximal and distal parts of the colon before primary anas-
tomosis. In the elective surgery group, non-obstructed
left-sided colorectal cancer patients prepared their co-
lon using polyethylene glycol 129.2 grams diluted in 2
liters of water and drinking from 18.00-20.00 O’clock
until the defecation was a clear watery stool. Exclusion
criteria were patients who had undergone a colostomy,
Hartmann’s procedure, or a protective ostomy. Two
groups compared the short-term surgical outcomes of
anastomotic leak, surgical site infection, hospital stay,
Dindo-Clavien classification, readmission, and mortality,
which were monitored within 30 days after the operation.
Statistical data were analyzed using the statistical package
for social sciences version 29.0 (SPSS Inc., Chicago, IL,
USA). Kolmogorov-Smirnov tested distribution data and
then reported as a number, percentage, and median. Odd
ratio and Chi-Square were used for multivariate analy-
sis. Statistically significant differences were determined

Table 1 Characteristics of left-sided colorectal cancer patients.

Characteristics

Emergency operation
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with a p-value < 0.05. The Ethics Committee of Buriram
Hospital approved this research (number BR 0033.102.1/32).

RESuLTS

There were 105 left-sided colorectal cancer patients,
including 52 males (49.5%) and 53 females (50.5%),
with a median age of 62. The completely obstructed
colorectal cancer group received emergency surgery,
manual fecal decompression, and primary anastomosis in
49 cases (46.7%) and elective bowel preparation surgery
for non-obstructed colorectal cancer in 56 cases (53.3%).
The most common cancer sites were 50 sigmoid colon
(47.6%), followed by 21 descending colon (20.0%) and 18
rectum (17.1%). Sigmoidectomy was the primary surgi-
cal procedure, with 46 cases (43.8%). The most common
cancer staging was 3b, with 29 cases (27.6%). Adeno-
carcinoma well differentiation was 86 cases (81.9%), as
shown in Table 1.

Elective bowel

with manual preparation p-value*
fecal decompression group
group (%) (%)

Numbers 49 (46.7) 56 (53.3) 105 (100)

Sex 0.774
Male 25 (51.0) 27 (48.2) 52 (49.5)

Female 24 (49.0) 29 (51.8) 53 (50.5)
Age: median/IQR (years) 60/17 63/14.5 62/16 0.448
(range 18-93)

Tumor location 0.379
Splenic flexure colon 4(8.2) 5(8.9) 9 (8.6)

Descending colon 14 (28.6) 7 (12.5) 21 (20.0)
Sigmoid colon 23 (46.9) 27 (48.3) 50 (47.6)
Rectosigmoid colon 3(6.1) 4(7.1) 7 (6.7)
Rectum 5(10.2) 13 (23.2) 18 (17.1)
Upper rectum 2(4.1) 4(7.1) 6(5.7)
Mid rectum 3(6.1) 8 (14.3) 11 (10.4)
Lower rectum - 1(1.8) 1(1.0)

Surgical procedure 0.086
Left hemicolectomy 18 (36.8) 12 (21.4) 30 (28.6)
Sigmoidectomy 23 (46.9) 23 (41.1) 46 (43.8)

High anterior resection 5(10.2) 8 (14.3) 11 (10.4)
Low anterior resection 3(6.1) 13 (23.2) 18 (17.1)




Vol. 44 No.3

Comparison of the Short-Term Outcomes after Primary Anastomosis between an Emergency Operation with Manual Fecal Decompression in Completely 79

Obstructed Left-Sided Colorectal Cancer and Non-Obstructed Colorectal Cancer in Elective Bowel Preparation: A Retrospective Single Center Study

Table 1 Characteristics of left-sided colorectal cancer patients. (cont.)

Characteristics

Emergency operation

Elective bowel

with manual preparation
fecal decompression group
group (%)
Staging 0.004
1a 1(2.0) 1(1.8) 2(1.9)
1b - 2(3.6) 2(1.9)
2a 13 (26.5) 12 (21.4) 25 (23.8)
2b 2(4.1) 4(7.1) 6(5.7)
3a 1(2.0) - 1(1.0)
3b 14 (28.6) 15 (26.8) 29 (27.6)
3c 7 (14.3) 9 (16.1) 16 (15.2)
4 11 (22.4) 13 (23.2) 24 (22.9)
Pathology 0.004
Well diff. adenocarcinoma 34 (96.4) 52 (92.8) 86 (81.9)
Moderately diff. adenocarcinoma 14 (28.6) 2(3.6) 16 (15.2)
Mucinous adenocarcinoma 1(2.0) 1(1.8) 2(1.9)
Non-Hodgkin’s lymphoma - 1(1.8) 1(1.0)

Notice: *data was analyzed by Chi-square test

According to the analysis, the operative time, post-
operative complication (including anastomotic leak, su-
perficial and deep surgical site infection), Dindo-Clavien
classification, hospital stay, and mortality within 30 days
were not significant statistically differences between
emergency surgery, manual fecal decompression, and
primary anastomosis to elective surgery with a p-value
> 0.05. None of the patients required re-hospitalization
within 30 days, as shown in Table 2. Risk factors con-
tributing to an increase in postoperative complication

and Dindo-Clavien classification (more than class 1) in
the emergency surgery, manual fecal decompression,
primary anastomosis, and elective surgery groups were
age = 60 years, and preoperative comorbidity. The pro-
phylactic factor for surgical complications was normal
BMI (18.5 - 22.9). Bowel preparation was a risk factor
for postoperative complications, but it was beneficial in
more than class 1 Dindo-Clavien classification (adjusted
Odd-ratio = 0.435), as shown in Table 3.
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Table 2 Comparing short-term outcomes of primary anastomosis in emergency operations with the manual fecal decompression
and elective bowel preparation groups

Characteristics Emergency operation Elective bowel p-value*

with manual fecal preparation group
decompression group

Operative time: median/IQR (minutes) 120/50 115/37.5 0.569
Postoperative complications (%) 0.822
Anastomotic leak 2(4.1) 2 (3.5)
Surgical site infection
Superficial 2(4.1) 2(3.5)
Deep - 1(1.7)
Dindo-Clavien classification (%) 0.740
Class 1 40 (81.6) 51 (91.0)
Class 2 2(4.1) 1(1.7)
Class 3a 3(6.1) 2(3.5)
Class 3b 1(2.0) 1(1.7)
Class 4a 1(2.0) -
Class 4b - -
Class 5 2(4.1) 1(1.7)
Hospital stays: median (days) (%) 9 (18.3) 9 (16.1) 0.624
Readmission in 30 days - - -
Mortality in 30 days (%) 2(4.1) 1(1.7) 0.481

Notice: *data was analyzed by Chi-square test

Table 3 Risk factors of postoperative complication and Dindo-Clavien classification; adjusted Odd-ratio

Characteristics Patients no. Postoperative Dindo-Clavien

() complication classification
(more than class 1)

Age (years) 1.556 1.068
=60 60 (57.1)
<60 45 (42.9)

BMI 0.368 0.310
Normal BMI (18.5-22.9) 44 (41.9)
Abnormal BMI (< 18.5, > 23) 61 (58.1)

Bowel Preparation 1.102 0.435
Yes 56 (53.3)
No 49 (46.7)

Preoperative comorbidity* 1.098 2.144
Yes 68 (64.8)
No 37 (35.2)

Notice: * Preoperative comorbidity includes diabetic mellites, hypertension, chronic kidney disease, etc. Some patients may have multiple diseases.
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DiscussioN

According to the study, left-sided colorectal cancer
patients with complete colonic bowel obstruction could
be treated by emergency tumor resection, combined
with manual fecal decompression and primary anasto-
mosis, and there is no statistically significant difference
in complications compared to elective bowel prepara-
tion in non-obstructed left-sided colorectal surgery. In
addition, there is no difference in the operative time,
length of hospital stays, and mortality. None of the
patients must be re-admitted to the hospital within 30
days. Fecal decompression aims to reduce pressure in
the colon caused by the force of the fecal on the colon
wall; peristalsis results in the expansion and contraction
of the anastomosis. To prevent fecal contamination from
manual fecal decompression, use an aseptic technique
with multiple layers of swabs; the end of the fecal outlet
should protrude outside the abdominal cavity, and per-
form fecal decompression cautiously. This procedure can
reduce the burden of patients who must perform multiple
surgeries. The surgical treatment of completely obstructed
colorectal cancer has several methods depending on the
patient's condition. For example, a colostomy is a surgical
procedure that solves the problem of colonic obstruction,
changing emergency to non-emergency conditions. After
the treatment, additional investigation can be performed
to find further cancer staging. When the patient is ready,
surgery is performed for elective treatment; the patient
has to have it at least two times, which brings various
risks, such as side effects from intraoperative anesthesia
and postoperative complications. In addition, protective
ostomy can also be reduced in case of emergency sur-
gery, tumor resection, and primary anastomosis at the
same time. The bowel preparation is more likely to cause
complications than without the bowel preparation in this
study, with an odds ratio of postoperative complication
1.102, according to Bucher P's study, mechanical bowel
preparations pose a risk of anastomotic leak.' On the
other hand, bowel preparation is beneficial for using the
Dindo-Clavien classification, adjusted Odd-ratio 0.435,
because the definition from class 2 to class 5 begins with
the need for pharmacological treatment (without other
than such allowed for class 1) or surgical, endoscopic,
and radiological interventions to death then there is more
precision in categorizing the complication.

CONCLUSION

It is safe to do emergency surgery for completely
obstructed left-sided colorectal cancer with manual fecal
decompression and primary anastomosis. The effective-
ness of short-term outcomes is the same as elective bowel
preparation in non-obstructed left-sided colorectal cancer
surgery.
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The One-Year Results of Endovascular Aneurysm
Repair for Infrarenal Abdominal Aortic Aneurysm
in Rajavithi Hospital
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Abstract Objectives: To study the one-year results of EVAR for infrarenal AAA patients in Rajavithi Hospital.

Methods: This study conducted a retrospective chart review of all patients with infrarenal AAA who un-
derwent EVAR between January 2017 and February 2021. Medical records were analyzed for demographic data,
anatomic features of AAA, procedural details, and 30-day and 1-year outcomes. The primary outcomes were
technical success and clinical success at one-year follow-up. Secondary outcomes included perioperative com-
plications, mortality, stent-graft-related complications, and secondary interventions.

Results: This study included 43 patients (32 men) with a mean age of 72 + 8.4 years. Successful primary
technical success was achieved in 40 patients (93%). The mean operative time was 150.8 + 58 min, and the me-
dian estimated blood loss was 150 ml. The median hospital stay was eight days. Major complications occurred
in 9 (20.9%) patients, including 1 myocardial infarction, 1 congestive heart failure, 2 cardiac arrhythmias, 3
pneumonia-related respiratory failures, 2 ischemic colitis, and 2 renal failures requiring hemodialysis. The 30-
day mortality was 4.7% (2 patients; one with infected AAA with aortoenteric fistula, and one with pneumonia
and multisystem organ failure. A 1-year overall mortality was 16.3%, and AAA-related mortality was 2.3%. A
1-year clinical success rate of 91.4% was observed in 32 out of 35 patients. No cases of stent-graft thrombosis,
stent-graft infection, ruptured AAA, open conversion, or type III or IV endoleak were documented in the study.

Conclusion: EVAR can be successfully performed at Rajavithi Hospital with high success and low AAA-
related mortality rate. However, it is crucial to emphasize the importance of surveillance to promptly detect and
effectively treat any potential complications that may arise.

Keywords: Endovascular aneurysm repair, Abdominal aortic aneurysm, EVAR, Endoleak

INTRODUCTION Repair of AAA (OSR) has traditionally served as the

An abdominal aortic aneurysm (AAA) is charac-
terized by the dilatation of the infrarenal aorta, with a
diameter exceeding 3 cm or 50% of the aortic diameter.!
If left untreated, degenerative changes in the vessel wall
can result in further dilation and eventual rupture. The
prevalence of AAAs in the Western population has been
documented to range from 4% to 7.2%.”* Open Surgical

standard treatment for AAAs. This procedure involves
the excision of the dilated area and the placement of a
prosthetic graft. Nonetheless, Endovascular aneurysm
repair (EVAR) stands out as a minimally invasive pro-
cedure for the management of AAAs. EVAR has gained
widespread acceptance as an established therapeutic
modality for patients with suitable anatomical profiles
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ever since the first case reported by Parodi JC et al. in
1991.° Several studies have demonstrated that EVAR
decreases perioperative morbidity and mortality, blood
loss, and transfusions, the use of the intensive care unit,
and the length of hospital stay as compared to an open
aortic surgical repair procedure.’’

In Thailand, the management of AAAs through
EVAR has notably advanced, with reports demonstrat-
ing its safety and favorable outcomes.''"'? Despite being
a tertiary referral center in Bangkok, Thailand, Rajavithi
Hospital has not yet implemented EVAR procedures. In
an effort to enhance our capacity for treating AAA pa-
tients using endovascular techniques, we have initiated
the establishment of dedicated vascular and endovascular
surgery teams, making the commencement of EVAR
procedures within our institution.

The objective of this study is to assess the one-year
post-treatment outcomes of patients with infrarenal AAAs
who underwent EVAR at Rajavithi Hospital.

MATERIALS AND METHODS

Patients

This retrospective chart review included all consecu-
tive patients who underwent EVAR due to an infrarenal
AAA from January 2017 to February 2021 in the Vascular
Unit, Department of Surgery, Rajavithi Hospital. The
study protocol was approved by the Rajavithi Hospital
Ethics Committee. All patients with an infrarenal AAA
have performed computed tomographic angiography
(CTA) preoperatively. Eligible patients requiring inter-
vention due to at least one of the following indications:

- AAA-maximal diameter = 55 mm (man)

- AAA-maximal diameter > 50 mm (woman)

- Rapid expansion: > 1 cm / year or 0.5 cm / 6
months

- Any sizes of saccular morphology

- All Symptomatic AAA

- Iliac aneurysm diameter > 30 mm

All patients' clinical preoperative, perioperative,
and follow-up data were obtained from the electronic
medical record system and chart review. The standardized
postoperative protocol was scheduled for outcome assess-
ment at one month and 12 months, involving CTA of the
whole aorta. In cases where patients exhibited impaired
renal function, a combination of duplex ultrasonography
(DUS) and non-contrast CT of the whole abdomen was
conducted. The process of planning, sizing, and select-
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ing any devices of EVAR was performed by the vascular
surgeon. Patients presented with suprarenal, juxtarenal
AAA, or post-cardiopulmonary resuscitation and under-
went open surgical repair were excluded from this study.

Preoperative analysis

The following characteristics of the included patients
were obtained: age, gender, co-morbidities, American
Society of Anesthesiologists (ASA) score, and laboratory
tests for renal function (creatinine).

The AAA characteristics measured on the preop-
erative CTA scans were AAA neck length, AAA neck
diameter, calcification and thrombus in the AAA neck,
proximal AAA neck angulation, maximum AAA diam-
eter, length and diameter of the common iliac arteries
(CIA), and presence of iliac artery aneurysm.

Diameter and length measurements were performed
with the use of a center lumen line (CLL). All diameters
were measured perpendicularly to the CLL from the
outer wall to the outer wall. The aortic neck length was
measured from the most distal renal artery to the first
discernible level, where the aortic diameter increased by
10%. Aortic neck diameters were measured at the level
of the lower border of the most distal renal artery and
every 5 mm from this level until the start of the aneurysm.
The calcification and thrombus in the aortic neck were
measured at 10 mm below the most distal renal artery
and were visually quantified and classified into groups of
<25%,25% to 50%, and > 50% of the aortic circumfer-
ence lined by thrombus or calcification.

The morphology of the proximal aneurysm neck of
the study patients was classified as within or outside the
instruction for use (IFU) of the selected stent graft.

Perioperative and 1-month postoperative analysis

The following perioperative characteristics of the
study patients were noted: type of anesthesia, type of
stent grafts, operation time, the volume of contrast agent
used, total minutes of fluoroscopy, estimated total blood
loss and blood transfusion, intraoperative adjunctive pro-
cedure, endoleak at completion angiography. Also noted
were the procedurally-related problems, perioperative
complications, postoperative ICU and hospital length of
stay, and reinterventions.

Patients who encountered complications such as
endoleaks, device migration, stent fractures, graft dete-
rioration, or aneurysm growth necessitating reintervention
underwent subsequent assessment.
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Following the reintervention procedure, these pa-
tients underwent CTA of the whole aorta for the next
6 months and 12 months for continued monitoring and
evaluation.

One-year postoperative analysis

All complications, reinterventions, outpatient de-
partment visits, readmissions, deaths, causes of death,
and additional CTA scans were noted and analyzed. The
following characteristics were investigated on the CTA
scan performed 1 year after the EVAR procedure: AAA
diameter, existence of endoleak, patency of renal arter-
ies, diameter of the AAA neck, and distance from the
most distal renal artery to the most proximal stent graft
ring. The CTA scans were also checked for any other
EVAR-related abnormalities. Additional survival data
was obtained by follow-up visits and telephone contact
at the end of the study.

Outcomes

Primary outcomes consisted of technical success
and clinical success at one year. Secondary outcomes
included procedural details, length of intensive care unit
(ICU) and hospital stays, perioperative complications,
perioperative and one-year mortality, and outcomes of
stent-graft-related complications: presence of endoleak,
aneurysm expansion, stent graft migration, stent graft
thrombosis, AAA rupture, secondary intervention rate,
and conversion to open repair.

Definition of success

The definition of success was defined as described by
the Society for Vascular Surgery/International Society for
Cardiovascular Surgery Ad Hoc Committee on Reporting
Standards for Endovascular Aortic Aneurysmi Repair.'

In brief, Technical success was defined as the suc-
cessful endograft deployment through a remote site,
including the common iliac arteries, to the landing zone
with no evidence of type I or III endoleak, limb occlu-
sion, hemodynamically significant stenosis on comple-
tion angiography, or need for any unplanned surgical or
endovascular interventions on the endograft within the
next 24 hours.

Assisted primary technical success referred to an-
eurysm exclusion and a patent graft after an adjunctive
intraoperative procedure.

Clinical success was defined as freedom from an-
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eurysm rupture, aneurysm expansion = 5 mm, type I or
IIT endoleak, graft migration (= 10 mm), limb occlusion,
aneurysm-related mortality, secondary intervention, or
surgical conversion.

Definition of endoleak

Endoleak is defined by the persistence of blood
flow outside the lumen of the endoluminal graft but
within the aneurysm sac, as determined by an imaging
study.' Endoleaks were categorized as periprosthetic
(type I: inadequate sealing of the attachment zone),
branch vessel (type II: retrograde flow via an aortic side
branch), transgraft (type III: direct graft fabric defect or
disconnection of modular graft components) endoleaks,
or a blush of contrast inside the aneurysm sac through
graft fabric porosity (type IV). Aneurysm enlargement
in the absence of demonstrable perfusion was defined as
endotension (type V). For time-to-endoleak analysis, all
patients with detectable endoleak during follow-up were
counted as positive for endoleak, regardless of whether
the endoleak subsided or persisted at the time of the last
available follow-up CTA scan study. Immediate treat-
ment was recommended for all type I and III endoleaks.
Uncomplicated type II endoleaks were observed.

Statistical analyses

All statistical analyses were conducted using SPSS
software (SPSS Inc., Chicago, III, version 20). Continu-
ous data are presented as the means + standard deviation
or median (range) for nonparametric variables (normal
distribution evaluated using the KolmogorovSmirnov
test); categorical data are given as the counts (percentage).

RESULTS

DEMOGRAPHICS AND BASELINE CHARACTERISTICS

Between January 2017 and February 2021, 43
patients with infrarenal AAA were treated with EVAR.
Demographic data and comorbidities of the patients are
shown in Table 1. Their mean age was 72 + 8.4 (range,
52 - 90) years, and 74.4% were males. Cardiovascular
risk factors and smoking were present in the majority of
patients. The mean preoperative serum creatinine value
was 1.09 mg/dL (range,0.39 - 2.92 mg/dL). According to
the American Society of Anesthesiologists classification,
4 of the 43 patients (9.3%) were classified as class 11, 37
(86%) as class III, and 2 (4,7%) as class IV.
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Table 1 Demographic and Clinical Characteristics

Characteristics Result (n = 43)

Age 72+84
Gender
Male sex 32 (74.4)
Comorbidities
Smoking 29 (67.4)
Hypertension 35 (81.4)
Hyperlipidemia 20 (46.5)
Diabetes mellitus 8(18.6)
Coronary artery disease 9 (20.9)
History of myocardial infarction 8(18.7)
Ejection fraction < 50% 4(9.3)
Chronic obstructive pulmonary disease 2(4.7)
Cerebrovascular disease 5(11.6)
Chronic kidney disease (creatinine > 1.5 mg/dL) 8(18.6)
Cancer 3(7.0)
ASA classification
Il 4 (9.3)
i 37 (86.0)
v 2(4.7)
Aortoiliac morphology
Maximum aneurysm diameter (mm) 55.1 +13.4
Aortic neck length (mm) 29.5+14.0
Aortic neck diameter (mm) 21429
Proximal neck angle (degree) 40 +19.0
Neck calcification (No.)
<25% 30 (69.8)
25-50% 11 (25.6)
> 50% 2(4.7)
Neck thrombus (No.)
<25% 22 (51.2)
25-50% 18 (41.9)
> 50% 3(7.0)
Right common iliac artery length (mm) 39.2+18.9
Right common iliac artery diameter (mm) 159+7.4
Left common iliac artery length (mm) 40.2 £16.7
Left common iliac artery diameter (mm) 13.9+44
Common iliac artery aneurysm
Unilateral 7 (16.3)
Bilateral 2(4.7)
Diameter (mm) 30.7 + 8.8
Hypogastric artery aneurysm
Unilateral 4(9.3)
Bilateral 0

Value is represented as means + standard deviation (range) or number (%)
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Anatomical characteristics of the abdominal aortic
aneurysms are shown in Table 1. All aneurysms were in-
frarenal, with an average maximal diameter of 55.1 + 13 4
(range, 27 - 84) mm. Proximal neck anatomy was mostly
favorable, with a mean diameter of 21.4 + 2.9 (range, 17
- 28) mm and a mean length of 29.5 + 14 (range, 10 - 67)
mm. Proximal aortic neck angulation exceeded 60° in 8
patients. Common iliac artery aneurysms and hypogastric
artery aneurysms were present in 9 and 4 patients, respec-
tively, while 33 patients had an isolated AAA.

Of the 43 patients, 29 (67.5%) had asymptomatic
AAAs, while 14 (32.5%) had symptomatic AAAs, in-
cluding concealed ruptured AAA in 1 and nonruptured
symptomatic AAAs (vague abdominal, back pain or
prolonged fever) in 13 patients. The AAA was fusiform in
33 patients and saccular in 10 patients. Four patients had
infected AAAs. The primary indication for intervention
was preventing AAA rupture in 38 patients and preventing
a large iliac aneurysm in 4 patients.

Table 2 Operative details
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Perioperative results

AIl EVAR procedures were performed under general
anesthesia, and the initial endograft deployment was suc-
cessful in all patients.

Three different bifurcated endovascular devices
were used: an Endurant stent graft in 24, an AFX2 stent
graft in 16, and an Ovation iX stent graft in 3 patients.
Among patients with Endurant stent graft, six of the 24
patients had at least one anatomic characteristic that was
considered a violation of the IFU of the Endurant stent
graft: three patients had an aneurysm neck diameter less
than 19 mm, two patients had an infrarenal neck angu-
lation exceeding 75°, and one patient had an aneurysm
neck length of 10 mm along with an infrarenal angulation
exceeding 60°. Among patients with AFX?2 stent graft,
two of the 16 patients had at least one anatomic charac-
teristic that was considered a violation of the IFU of the
AFX2 stent graft: two patients had an aneurysm neck
diameter less than 18 mm, and one of these two patients

Parameter Result (n = 43)

Primary technical success 40 (93.0)
Assisted-primary technical success 42 (97.7)
Operative time (min) 150.8 + 58
Estimated blood loss (ml) 150 (10-500)
Packed red cell transfusion (ml) 0 (0-888)
Fluoroscopy time (min) 29 (7-136)
X-ray dose (mGy) 176 (10-643)
Volume of contrast medium (ml) 75 (25-160)
Stent-graft types
AFX2 16 (37.2)
Endurant 24 (55.8)
Ovation iX 3(7.0)
Type of stent-graft application according to instruction for use (IFU)
Within IFU 35 (81.4)
Outside IFU 8 (18.6)
Intraoperative adjunctive maneuvers 17 (39.5)
Proximal aortic extension for type la endoleak 1(2.3)
Hypogastric embolization and distal sealing in EIA 12 (27.9)
PTA of the common iliac artery 1(2.3)
Additional compliance balloon expansion 2(4.7)
Additional distal extension 2(4.7)
Embolectomy 1(2.3)
Endoleak at completion angiogram 10 (23.2)
Type | 1(2.3)
Type Il 9 (20.9)

Continuous data are presented as means + standard deviation or median (range); categorical data are given as the number (%)
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also had an aneurysm neck length of 13 mm along with
an infrarenal angulation exceeding 60°.

Embolization of the hypogastric artery and exten-
sion of the stent graft to the external iliac artery (EIA)
was performed in 12 patients with an inadequate distal
landing zone, a CIA diameter greater than 30 mm, or an
accompanying hypogastric artery aneurysm and iliac
extension cuff was needed in 2 patients to seal a dilated
or aneurysmal common iliac artery. One patient required
iliac artery balloon angioplasty before device insertion
due to bilateral CIA stenosis. One patient underwent im-
mediate embolectomy due to absent pedal pulses after
the EVAR procedure; no thrombus or emboli were found,
and the completion angiogram showed a vasospasm. A
primary technical success of the EVAR procedure was
achieved in 40 (93%) patients. Three patients required
an unplanned additional procedure due to intraoperative
type Ia endoleaks, for which two patients were success-
fully treated with a proximal aortic cuff and an additional
compliance balloon expansion. One other patient was

Table 3 Perioperative morbidity and mortality
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left with a small amount of type Ia endoleak after an
unsuccessful attempt at additional compliance balloon
expansion (97.7% assisted primary technical success).
Additional interventions were performed during the
EVAR procedures in 17 patients; the type of interventions
can be found in Table 2.

The mean operative time was 150.8 + 58 minutes
(range, 60-345 minutes), with a median estimated median
blood loss of 150 mL (range, 10-500 mL), a median
volume of contrast agent used of 75 mL (range, 25-160
mL), and a median fluoroscopy time of 29 minutes (range,
7-136 minutes).

Completion angiography showed a type Il endoleak
in 9 patients and a type [ endoleak in one patient. No con-
versions to open repair or procedural deaths were noted.

One-month postoperative analysis

The median intensive care unit (ICU) stay was 1 day
(range,0-22 days), and the median length of postoperative
hospitalization was 8 days (range, 4-28 days).

Events Results

Patients with postoperative complications*
Cardiac events
Cardiac arrhythmia
Congestive heart failure
Hypertensive urgency
Myocardial infarction
Pulmonary events
Atelectasis
Pneumonia
Bowel ischemia (Ischemic colitis)
Neurological events
Renal failure
Vascular/Graft-related events
Arterial insertion trauma
Incidental bilateral IIA occlusion
Renal artery occlusion
Wound complication
Others
Delirium
Urinary tract infection

22/43 (51.2)

N = WO =N = A OO NW-—= =2 DN =2 b~ o

Mortality
AAA-related mortality
Other cause

2/43 (4.7)

—_

Value is represented as number or number/number (%)
*One patient may have more than one complication
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The 30-day mortality rate was 4.3% (2 patients). One
patient underwent emergency surgery due to an infected
aneurysm with an aorto-enteric fistula, the American
Society of Anesthesiologists (ASA) Class I'V. The patient
had multiorgan failure and died 22 days after EVAR. One
other patient with chronic obstructive pulmonary disease
(COPD) died due to pneumonia-related respiratory failure
at 27 days postoperatively.

Actotal of 29 complications were observed among 22
patients, as detailed in Table 3. Major complications in-
cluded 1 myocardial infarction, 1 congestive heart failure,
2 cardiac arrhythmias, 3 pneumonia-related respiratory
failures, 2 ischemic colitis, and 2 renal failures requiring
hemodialysis.

Implant-related complications occurred within 30
days of the procedure in four patients. In the first patient,
who had a concealed ruptured aneurysm with a neck
length of 10 mm and an infrarenal angulation exceeding
60°, a standard EVAR was performed with a stent graft
placed below the superior mesenteric artery (SMA).

Table 4 Outcomes follow up
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Due to the emergency condition, the physician decided
to cover both renal arteries and provide correction if
needed. The patient experienced acute renal injury with
spontaneous recovery on follow-up, and no long-term
hemodialysis was required. The second patient had an
access site complication; a left external iliac artery (EIA)
dissection was incidentally noted when cannulating the
starter wire. A thorough angiography revealed non-
flow-limiting dissection, and the patient was effectively
managed conservatively without graft-limb thrombosis.
Unintentional coverage of the internal iliac artery was
observed in two other patients: one with a concomitant
sole CIA aneurysm and one with an insufficient length
of distal landing zone, in which the hypogastric artery
was occluded with a vascular plug at the beginning of the
procedure and distal sealing in the external iliac artery
was required. In these two patients, incidental occlusion
of the hypogastric artery on the opposite side was noted at
the completion of angiography. Both patients experienced
transient buttock claudication with spontaneous recovery.

Outcome 30 days 1 year

Clinical success 37/39 (94.9) 32/35 (91.4)
Overall Mortality 2/43 (4.7) 7/43 (16.3)

AAA-related mortality 1/43 (2.3) 1/43 (2.3)

Other causes 1/43 (2.3) 6/43 (14.0)
AAA sac diameter change

=5 mm increase N/A 1/34

<5 mm change N/A 16/34

=5 mm decrease N/A 17/34
Loss to follow-up 5/43 (11.6) 9/43 (20.9)

Available postoperative imaging at 1 year

38/43 (88.4) 34/43 (79.1)

Graft-related complications*
Endoleak
Type |
Type Il
Stent graft migration
Stent graft thrombosis
Graft infection
Graft limb kinking
AAA rupture

O - O O O W o Ww

AAA-related secondary intervention

O O - O O =+ 0o = O

—_

AAA, Abdominal aortic aneurysm; N/A, not applicable.
Value is represented as number or number/number (%).
*One patient may have more than one complication.
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No reinterventions were required within 30 days follow-
ing the initial operation. However, five patients (11.6%)
were lost to follow-up, including two who passed away
within the first 30 days postoperatively. Within the first
postoperative month, a total of 38 control CTAs were
conducted. Among these CTAs, six endoleaks were
identified, including five type II endoleaks and one type
Ib endoleak. In one patient with a type Il endoleak, graft-
limb kinking was detected in one iliac limb without any
occlusion or thrombosis. Close follow-up with either
CTA or DUS was planned. In the case of the patient with
a type IB endoleak, a stent graft migration exceeding 5
mm was observed on the CTA. This patient was treated
with stent-graft relining in iliac limb.

One-year postoperative analysis

After one year, 34 (79.1%) patients had access to
clinical follow-up and CTA imaging, as detailed in Table 4.

Table 5 Endoleak by follow-up interval
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There were nine patients who were lost to follow-up,
including seven who died. Five additional patients died
between the first 30 postoperative days and the 1-year
follow-up. Causes of death included cardiac disease in
one patient, common bile duct stone with cholangitis in
one patient, sepsis caused by urinary tract infection in
one patient, and renal failure in one patient. One patient
died from an unknown cause, although death caused by a
ruptured AAA was considered unlikely since the patient
had no endoleaks on an earlier CTA.

The CTAs obtained at 1 year revealed three patients
with persistent type Il endoleaks. Another two patients
with a type II endoleak recorded on the initial follow-up
CTA had spontaneous resolution. Endoleaks by type and
follow-up interval are reported in Table 5. No type I, type
III, or type IV endoleaks have been reported at one year
of follow-up.

Interval Type la Type Ib Type ll Type Il Type IV

At completion angiogram 1 0 9 0 0

1 month (n = 38) 0 1(2.6) 5(13.2) 0 0
New 0 1 2 0 0
Persistent 0 0 3 0 0

1 year (n = 34) 0 0 3(8.8) 0 0
New 0 0 0 0 0
persistent 0 0 3 0 0

Value is represented as number (%)

Between 30 days and 1-year follow-up, one patient
underwent reintervention. Following the index opera-
tion, the patient had an endovascular reintervention three
months later. Internal iliac artery embolization and iliac
stenting extension were successfully performed in a type
IB endoleak patient with stent graft migration discovered
on the initial follow-up CTA. This patient's one-year
follow-up CTA revealed no endoleaks or other compli-
cations. There was no stent graft fracture, thrombosis,
infection, ruptured AAA, or open surgical conversion
during the one-year follow-ups.

On the 34 CTAs performed after 1 year, the mean
AAA diameter had decreased to 48.2 + 14.1 (range, 22-
80) mm. Compared with the preoperative values, AAA sac
diameter increased = 5 mm in 1 patient, remained stable (<
5 mm change) in 16 patients, and decreased in 17 patients.

Clinical success was achieved in 32 of 35 patients

(91.4%) after one year. The patients with clinical failure
had one type Ib endoleak that required secondary inter-
vention, one type Il endoleak with aneurysm sac growth
greater than 5 mm, and one patient died as a result of
AAA-related death.

DiscussIoN

EVAR has emerged as a minimally invasive surgi-
cal technique involving the placement of a stent graft to
effectively exclude the aortic aneurysm from the arte-
rial circulation and systemic pressure. Since its initial
introduction by Parodi et al. in 1991, EVAR has been
universally recognized as a pioneering milestone in
vascular surgery. In cases where the anatomical charac-
teristics of the aneurysm are suitable, EVAR consistently
demonstrates acceptable mortality and morbidity rates,
particularly when applied to high-risk patients.
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Numerous multicenter, prospective, randomized
clinical studies have compared the outcomes of open
surgical repair (OSR) and EVAR in terms of early, mid-
term, and late-term results.® '’ Overall, these studies have
shown that EVAR offers initial advantages over OSR
in terms of surgical mortality and complication rates.
However, over the mid-and long-term, the benefits tend
to diminish. Furthermore, a higher incidence of vascular
and endograft-related complications has been reported
with EVAR, necessitating a greater need for reinterven-
tions.

During the learning curve period, the initiation of
EVAR may present certain challenges. Multiple studies
examining EVAR outcomes within a single cohort have
reported technical success rates ranging from 86% to
100% and clinical success rates ranging from 91.6% to
97% """ Our study noted a technical success rate of 97.7%
and a clinical success rate of 91.4%. These outcomes are
consistent with prior research and are commensurate with
results in the earlier studies

Although EVAR was originally considered for
patients deemed unsuitable for extensive open surgical
interventions, its utilization has progressively expanded
to include patients who are appropriate candidates for
major surgical procedures. Previous clinical trials have
documented 30-day mortality rates spanning from 0% to
3% and one-year all-cause mortality rates spanning from
4% to 12%.°°">""” Our study revealed a 30-day morta-
lity rate of 4.7% and a 1-year all-cause mortality rate of
16.3%, with the majority of deaths unrelated to abdominal
aortic aneurysm (AAA). This relatively elevated mortality
rate may be attributed to underlying comorbidities in our
analysis.

Endoleak, which can lead to increased reinterven-
tion and costs. It remains a significant issue for EVAR.
The Major factors affecting endoleak development are
neck anatomy, a short aneurysm neck, a neck angle
exceeding 60°, increased distal neck diameter, and
thrombus or ulcerated plaque in the neck wall.'**
Several studies reported an early- and mid-term incidence
of endoleak ranging from 5.6% to 22%.""'>'"*' In our
study, we observed that the incidence of endoleak was
23.2% at the end of the procedure, 15.8% after 30 days,
and 8.8% at 1 year postoperatively. There was one patient
with type Ia endoleak who experienced spontaneous
resolution.
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Type Ib endoleak was noticed in one patient treated
inside the IFU of the Endurant stent graft; the leak re-
solved through a reintervention. Type II endoleaks were
noted in a total of 11 patients, with only one displaying
an aneurysm sac enlargement exceeding 5 mm. Accord-
ing to current guidelines, a conservative approach is
recommended for isolated type II endoleaks without sac
expansion, and intervention is typically advised when sac
enlargement is more than 10 mm.”>* In our study, it is
worth highlighting that the majority of type II endoleaks
spontaneously resolved, and none of the patients neces-
sitated intervention. Nevertheless, in cases where type
II endoleaks persist despite conservative management,
patients have the option to undergo either endovascular
procedure management or surgical correction as part of
their treatment strategy. The importance of surveillance
cannot be overstated, as it plays a crucial role in the early
detection of complications of EVAR and ensures appro-
priate management of patients undergoing treatment. The
surveillance of patients is essential for optimizing their
overall care and minimizing the risks associated with their
treatment.

Limitations of this study include the retrospec-
tive, single-center design with a small sample size, so
it was unable to analyze the variables with statistical
methods. Nonetheless, the principle aim of this study was
to evaluate the one-year postoperative outcomes within
the learning curve of the EVAR procedure and establish
that our results align with those reported in other studies
in the field.

In conclusion, EVAR can be successfully performed
at Rajavithi Hospital, as demonstrated by our study, which
has shown high success and low AAA-related mortality
rates. Nevertheless, it is imperative to underscore the
significance of vigilant post-procedural surveillance. This
ongoing monitoring is essential for the timely identifica-
tion and efficient management of any potential complica-
tions that may emerge.
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Factors Associated with False Positive Fecal
Immunochemical Tests in Trang Colorectal Cancer
Screening Program Population

Mookda Nivaarrarsuwonnakul, MD
Division of Surgery, Trang Hospital, Trang, Thailand

Abstract Background and Objective: Early detection of colorectal cancer (CRC) has emerged as an important
global issue. Since 2018, fecal immunochemical tests (FITs) have been offered as a primary screening test for
CRC by the Thai National Health Service plan despite their varied accuracy according to various factors. The
primary aim of this study was to identify demographic factors associated with false-positive (FP) FIT results in
CRC screening in the Trang population. The secondary aim was to report the outcomes of the screening program
in Trang Province.

Methods: The data of all 542 participants in Trang with positive FIT tests from the CRC screening program
conducted at Trang Hospital between 1 October 2021 and 28 February 2023 were retrospectively reviewed. Of
these, 347 with complete colonoscopy studies were analyzed. Patients’ characteristics, colonoscopy findings,
and pathologic data were recorded. Univariable and multivariable logistic regression analysis was performed to
determine factors associated with FP FIT results.

Results: Among 347 participants who showed positive FIT with complete colonoscopy for CRC screening,
33 participants (9.5%) had advanced colorectal neoplasia (ACRN), and 314 participants (90.5%) had FP FIT
results (no ACRN). The participants aged under 65 had a higher rate of FP results than the older age group. Fe-
male gender and aged under 65 were two factors associated with false positivity. Multivariable logistic regression
showed that age < 65 was the only independent risk factor associated with FP FIT results in multivariate analysis
(OR =2.81;95% CI 1.24-6.35; p =0.013).

Conclusion: FP FIT results in the Trang population were relatively high. The age < 65 is a significant factor
associated with FP FIT results. This result can be used as a piece of evidence to optimize CRC screening strategies.

Keywords: Fecal immunochemical tests, Colorectal cancer, Screening, False positive

INTRODUCTION

Colorectal cancer (CRC) is the third most common
cause of death from cancer in Thailand and worldwide.'”
Early detection of CRC has emerged as an important
global issue. CRC screening programs have been con-
ducted in many countries. In particular, non-invasive
screening by Fecal Immunochemical Tests (FITs) has
been offered as a primary screening test.* The par-

ticipants with positive FIT results are further referred to
undergo colonoscopy examinations.

Since 2018, FIT has been offered as a primary
screening test for CRC in the Thai National Health
Service plan but its accuracy varies due to differences
in participant-related factors such as sex, age, metabolic
diseases, and the presence of hemorrhoids, etc.”!°
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Previous studies have reported false positive (FP)
FIT rates of 4.3 - 70%."° In CRC screening in Trang,
more than half of all participants showed positive FIT
results with no advanced colorectal neoplasm (ACRN)
detected on colonoscopy examinations. False positive
results caused psychological stress to the patients,'' un-
necessary colonoscopies, risk of adverse events during
the procedures, extra costs, and increased healthcare
workloads.

However, the studies of risk factors for FP FIT
results remain unclear. Many studies from different
populations have conflicts in associated factors with FP
FIT results.”'” The knowledge about associated factors
for FP FIT results will improve the efficiency of the
screening program. Therefore, this study aims to identify
demographic factors associated with FP FIT results and
report the colorectal cancer screening program outcomes
in Trang Province.

MATERIALS AND METHODS

The data of all 542 participants with positive FIT
tests of the Trang CRC screening program were re-
viewed between 1 October 2020 and 28 February 2023.
All positive FIT participants were referred to perform
colonoscopy examinations by general surgeons at Trang
Hospital (a province hospital). The cut-off threshold for
a positive FIT was = 100 ng Hb/ml buffer. The exclusion
criteria were set as follows: denied colonoscopy (33.2%,
n = 180), incomplete colonoscopy (1.47%,n = 8), inad-
equate bowel preparation (1.1%, n = 6), and perforation
during the procedure (0.18%,n = 1). As a result, the total
number of eligible subjects for the study was 347. The
characteristic data, colonoscopy findings, and pathologic
data were recorded. An FP FIT result was defi ned as
positive FIT results in participants who were identified
with no advanced colorectal neoplasm (ACRN) detected.”
ACRN was defined as cancer or advanced adenoma.*'”
Advanced adenoma was defined as the presence of one
of the following features: > 10 mm diameter, tubulovil-
lous or villous structure, high-grade dysplasia, and three
or more adenomas.*”'?

The data were summarized as counts, frequency
(%), and mean =+ standard deviation (SD). The popula-
tion characteristics were compared using the chi-square,
Fisher’s exact test, or t-test as appropriate. Univariate and
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multivariate logistic regression analysis was performed
to determine factors associated with FP FIT results.
For each variable, the adjusted odd ratio (OR) and 95%
confidence interval (CI) were reported. A p-value < 0.05
was determined to be significant. All statistical analyses
were performed using the statistical package SPSS v.26.0
(IBM, New York, USA). Institutional Review Board
approval was obtained for this study.

RESuLTS

A total of 347 participants who showed positive
FIT and completed colonoscopy for CRC screening were
eligible for the analysis. The main characteristics of the
study population and colonoscope findings are shown in
Table 1.The mean age of the overall participant was 59.1
+ 6.6 years (range 43 to 83 years; mode 56). The major-
ity of the participant was female (70%, n = 243). The
mean BMI was 25.3 + 4.1 kg/m?. More than half of the
participants had metabolic syndrome (74.6%, n = 259).
The female participants were found to have more BMI
and metabolic syndrome than the male. From the colo-
noscope findings, 162 participants (46.7%) were normal,
33 participants (9.5%) had ACRN, and 314 participants
(90.5%) had FP FIT results. Common non-neoplastic
findings were hemorrhoids (12.1%) and diverticulosis
(10.4%). Other non-neoplastic findings included colitis,
proctitis, ulcer, and parasitic worm infections.

Additionally, comparing between genders, there
were no significant differences in colonoscope findings
between males and females, but a significant difference
in FP FIT results between genders was found (p =0.026).

Table 2 shows the frequencies of FP FITs in the study
population, using cut-offs = 100 ng Hb/ml in variables
associated with FP FITs. In the univariate analysis, female
gender (OR=2.42;95% CI1.17-4.99; p=0.026), age <
65 years old (OR =2.28;95% CI 1.06 - 4.87; p =0.043),
non-advanced adenoma (OR =0; 95% CI0; p =< 0.001),
and hemorrhoids (OR = 0; 95% CI 0; p = 0.022) were
significantly associated with FP FIT results.

In multivariable logistic regression (Table 3), the
age < 65 was the only independent risk factor for FP
FIT results (OR =2.81; 95% CI 1.24 - 6.35; p =0.013),
whereas apparent associations of gender, non-advanced
adenoma, and hemorrhoids with FP FIT results in univa-

riate analyses were not statistically significant.
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Table 1 Population characteristics

Characteristic Total population (%) Male (%) Female (%) p-value
N =347 N =104 N =243
Age: years, mean = SD 59.1 +6.6 59.9+5.9 58.8 +6.8 0.132
Age range: number (%) 0.322
Age <65 272 (78.4) 78 (75.0) 194 (79.8)
Age =65 75 (21.6) 26 (25.0) 49 (20.2)
BMI (kg/m?): mean = SD 253 +4.1 244 +36 25.7+4.3 0.002
BMI (kg/m?) range: number (%) 0.036
<25 170 (49) 60 (57.7) 110 (45.3)
=25 177 (51) 44 (42.3) 133 (54.7)
Underlying diseases: number (%)
Diabetes 34 (9.8) 9 (8.7) 5(10.3) 0.698
Hypertension 112 (32.3) 31 (29.8) 1(33.3) 0.534
Dyslipidemia 113 (32.6) 22 (21.2) 91 (37.4) 0.003
Other underlying diseases 53 (15.3) 25 (24.0) 8 (11.5) 0.005
Colonoscope findings: number (%)
Normal 162 (46.7) 49 (47.1) 113 (46.5) 0.916
Cancer 6 (1.7) 3(2.9) 3(1.2) 0.370
Colonic polyps 113 (32.6) 36 (34.6) 77 (31.7) 0.618
Advanced adenoma 29 (8.4) 14 (13.5) 15 (6.2)
Non-advanced adenoma 84 (24.2) 22 (21.2) 62 (25.5)
Diverticulosis 37 (10.7) 12 (11.5) 25 (10.3) 0.708
Hemorrhoids 42 (12.1) 9(8.7) 34 (14.0) 0.213
Other non-neoplastic findings 9 (2.6) 2(1.9) 7 (2.9) 0.730
False Positive FIT result: number (%) 314 (90.5) 88 (84.6) 226 (93.0) 0.026

Table 2 Univariate logistic regression analysis for Factors Associated with False-Positive FIT Results (N = 314)

Variable False positive, n (%) Univariate analysis

OR (95% CI) p-value
Female Gender: n (%) 226 (72.0) 2.42 (1.17 - 4.99) 0.026
Age < 65 years old: n (%) 251 (79.9) 2.28 (1.06 - 4.87) 0.043
BMI < 25 kg/m?: n (%) 157 (50.0) 1.54 (0.74 - 3.20) 0.276
Diabetes: n (%) (9.2) 0.57 (0.20 - 1.59) 0.349
Hypertension: n (%) 102 (32.5) 1.11 (0.51 - 2.41) 0.848
Dyslipidemia: n (%) 103 (32.8) 1.12 (0.52 - 2.45) 0.847
Other underlying diseases: n (%) 47 (15.0) 0.79 (0.31 - 2.02) 0.613
Non-advanced Adenomas: n (%) 84 (26.8) 0(0) < 0.001
Diverticulosis: n (%) 36 (11.5) 4.14 (0.55 - 31.25) 0.230
Hemorrhoids: n (%) 43 (13.7) 0(0) 0.022
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Table 3 Multivariate logistic regression analysis for Factors
Associated with False-Positive FIT Results

Variable Multivariate analysis
OR (95% Cl) p-value
Female Gender 2.04 (0.95 - 4.36) 0.067
Age < 65 years old 2.81(1.24 - 6.35) 0.013
Non-advanced Adenomas 0(0) 0.996
Hemorrhoids 0 (0) 0.997

DiscussioN

CRC screening program based on fecal immu-
nochemical tests (FITs) has been offered as a primary
screening test worldwide as well as in Thailand. Its posi-
tive rates marked differences across different programs
and countries: Australia, 4.6 - 9.0%, Korea, 7.3 - 11.2%,
Netherlands, 5.5 - 8.8%, Italy, 3.7%, Germany, 5.0%, and
the USA, 2.6%.” In Trang, the CRC screening program
as a part of the Thai national health service plan began in
2018. The Trang Health Data Center (THDC) data showed
the FIT-positive rates from 2018 to 2022 in Trang’s
population between 3.8 - 8.9% and FP FIT rates between
84.8 -90.6%." Due to the COVID-19 pandemic, the colo-
noscopy program was paused, causing some participants
to drop out of the program. This study collected the data
from the point program resumed on 1 October 2020 until
28 February 2023. Although the target participants of the
Thai National Health Service Plan CRC screening were
people aged 50 - 70, this study covered participants aged
between 43 and 83.

Of all the positive FIT participants in the study,
10.5% had ACRN, and 90.5% had FP FIT results. This
data was similar to the data of THDC."* Although the
specificity of FIT is relatively high, up to 25% of patients
are shown to have the FP results."* In a study from Aus-
tralia, the colonoscopy revealed neoplasia to be absent
in 54.5% of those with positive FIT results.” The rates of
FP FIT results in the Trang screening program are higher
than all of the previous studies reporting false positive
(FP) FIT rates of 4.3 - 709751013

The higher FP FIT rates led to psychological stress
for the patients worrying about their chance of having
cancer,'' unnecessary colonoscopies, and increased
procedural risks, costs, and healthcare workload. It is,
therefore, important to understand the factors associated
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with FP FIT results. Several studies and meta-analyses
have demonstrated that different populations showed dif-
ferent conflicts of participant-related factors associated
with FP FIT results. According to the meta-analyses, the
most frequently studied risk factors for FP FIT results are
the use of anticoagulants and antithrombotic drugs, sex,
and age.’

Among FP FIT participants, most of them had nor-
mal results on colonoscopy examination. Colonic polyps,
which were non-advanced adenomas, diverticula, and
hemorrhoids, were the most 3 abnormal findings detected
in 45.5% of all FP results. Of these factors, this study
focused on the most controversial factors associated with
FP FITs results, including sex, age, obesity (BMI = 25
kg/m?), DM/hyperglycemia, dyslipidemia, high blood
pressure, hemorrhoids, added-on diverticula, and non-
advanced adenomas.

In a systematic review and meta-analysis of Klerk
et al., no significant associations were found for the use
of anticoagulants or antithrombotic drugs. Many factors
also appeared not to affect FP results: family history of
CRC, socioeconomic status, obesity, diverticula, high
blood pressure, hyperglycemia, low high-density lipo-
protein, metabolic syndrome, anemia, use of combined
medication, smoking, alcohol drinking and participation
in prior screening rounds.’

A study in Hong Kong reported that polypoid ad-
enomas were associated with FP results.'” The result of
hemorrhoids, a commonly suspected source of lower
gastrointestinal bleeding, showed only a weak, statisti-
cally nonsignificant association with FP FIT results in
the same way as a German study® and meta-analyses® in
contrast to the Korean study.”

A large German CRC screening study conducted
by Amitay et al. found that male gender, older age (= 65
years), obesity, smoking, and use of aspirin were associ-
ated with increased FP FIT.” Similarly, the meta-analysis
showed that risk factors associated with a lower risk of
FP results were male sex and age higher than 65.° In
contrast, Symonds et al. reported FP was associated with
female gender and younger age.” This study observed
significant differences in FP results between genders,
but there was no significant association in multivariate
analysis. However, this study found that age < 65 was
the only statistically significant independent risk factor
for FP FIT results.
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In Trang’s population, participants below 65 years
old might be screened by combining blood-based bio-
marker tests (CEA, Ferritin) and FIT results required to
reduce unnecessary colonoscopy. In a recent study by Pe-
terson et al.,"” based on 4,048 FIT-positive (cut off = 100
ng Hb/ml) subjects from the Danish National Colorectal
Cancer Screening Program. The authors proposed a 2-step
screening approach with an initial FIT test followed up by
a blood test if the FIT was positive. The combined result
of the blood test, FIT result, and demographics (age and
sex) decided whether a colonoscopy was required. They
tested 2 algorithm models, and the first was a predefined
model including FIT result, age, and 3 biomarkers of
CEA, Ferritin, and CRP. The second was the explor-
atory model, which added other 6 biomarkers and sex as
potential predictors. Both approaches were significantly
better than using FIT alone in the discrimination of cases
with CRC vs. cases with no CRC. Overall reduction in
colonoscopy requirements by 4 - 11% without reducing
detection of colorectal cancer."”

Environmental factors may also influence FIT posi-
tivity. There were still conflicting findings. Some studies
showed the detection of advanced neoplasia in different
seasons, while others reported no seasonal effect.’

There is currently insufficient evidence to recom-
mend the use of repeat/second FIT to guide colonos-
copy.*’ Repeat FIT testing may enhance sensitivity after
the first negative test (increased sensitivity and decreased
specificity), or identify people who may not need colonos-
copy unless both tests are positive (decreased sensitivity
and increased specificity). Further studies are required.’

Though the evidence from Rerknimit et al.,'®
suggests that the optimal cutoff threshold in advanced
neoplasia and CRC screening in Thailand is 150 ng/
ml, the threshold for FIT positive in this study was set
at = 100 ng Hb/ml according to Thai Guidelines for
CRC screening program'’ and other foreign studies.”'®
Some European countries used higher cutoff thresholds
ranging between 150 to 750 ng/ml."”” The FIT threshold
used in true screening practice should be chosen based
on a balance of reducing the total number of required
colonoscopies, procedural complications, and stress of
participants without compromising CRC detection.

This study was based on data from 347 participants
with a positive FIT result in the Trang Province CRC
screening program, a true screening setting consisting of
asymptomatic participants; a referral bias was unlikely.
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Although this was not a large number of subjects studied,
it was not small compared to other studies in the meta-
analysis.® There were several limitations in the current
study. First, this was a retrospective study with potential
bias in design. Second, data on using anticoagulants
or antithrombotic drugs, using NSAIDs, smoking, and
alcohol drinking, which could be possible confounders,
were unavailable. These factors could increase the risk of
FP FIT results.”'*"” Future studies on these factors should
be done. Lastly, no further examinations were conducted
to elucidate reasons for FP FIT results.

CONCLUSION

The variable positive rates in FIT-based CRC screen-
ing suggested differences in results between programs. FP
FIT results in the Trang population were relatively high.
The knowledge about risk factors associated with FP FIT
results could improve the effectiveness and efficiency of
the screening program. Therefore, the screening strategy
should be adjusted, especially among people aged under
65, which was a significant factor associated with FP FIT
results in Trang.
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Abstract Background: There are more than 100,000 patients in Thailand who require long-term renal replacement
therapy, and the number continues to grow significantly. Peritoneal dialysis is a viable option with some advan-
tages over hemodialysis. However, malfunction of peritoneal dialysis catheters is the major problem in these
patients. Laparoscopic salvage of the catheters can resolve the major cause of malfunction.

Objective: To evaluate the success rate and safety of laparoscopic salvage of malfunctioning peritoneal
dialysis catheters and the patency of salvaged catheters in Suratthani Hospital.

Methods: In this retrospective descriptive study, 42 patients who underwent laparoscopic salvage of mal-
functioning peritoneal dialysis catheters at Suratthani Hospital were included. All the salvage procedures were
performed under general anesthesia using one 10 mm and two 5 mm ports. The various techniques to rescue
catheter function included re-positioning the catheter with pelvic fixation, clearing the fibrin clot/sheath, freeing
up the omental, adhesion, and partial omentectomy. All patients were followed up for at least 6 months or until
using peritoneal dialysis discontinuing.

Results: A total of 42 laparoscopic salvage of catheter malfunctions were attempted and succeeded in 37
cases. The mean operative time was 62 .4 minutes. The omental wrapping was the most common cause of catheter
malfunction (62.1%). The catheter patency rate was 83.7%, 62.1%, 45.94%, and 24.32% at 1 month, 6 months,
12 months, and 24 months respectively.

Conclusion: Laparoscopic salvage of malfunctioning peritoneal dialysis catheters seems feasible and safe
to recuse and prolong peritoneal dialysis catheter usage. Our findings will provide insight for surgeons in salvag-
ing peritoneal dialysis catheter malfunction.

Keywords: Peritoneal dialysis, Laparoscopy, Salvage, Patency

INTRODUCTION

There are currently over 100,000 chronic kidney
disease patients in Thailand who require long-term renal
replacement therapy, and the number continues to grow
significantly.' Since 1976, peritoneal dialysis has been a
viable option for patients with end-stage renal disease’
with some advantages over hemodialysis, including cost,
convenience, patient independence, and improved nutri-

tion.” But infection and mechanical malfunction are the
major problems of peritoneal dialysis catheters.’

The catheter malfunctions are mostly caused by
catheter tip migration, omental wrapping, or adhesion.*”
Several techniques, including open revision, fluoroscopic-
guided manipulation, and laparoscopy, have been used
to salvage malfunctioning catheters.” The success rate is
highly variable between procedures as well as operators.” '
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Laparoscopic salvage of malfunctional peritoneal
dialysis catheters with Pelvic Fixation and omentectomy
can resolve major malfunction causes.'”'' This paper de-
scribes our surgical technique and treatment outcome.

MATERIAL AND METHODS

This was a retrospective descriptive study includ-
ing all the patients who had peritoneal dialysis catheter
placement malfunction at Suratthani Hospital from 1
January 2017 to 31 December 2020. All patients previ-
ously had open peritoneal dialysis catheter placement, and
a nephrologist detected the problems. Then, all patients
underwent typical conservative treatment such as irriga-
tion, laxatives, thrombolysis agents, etc.

- Port 10 mm for camera

Port 5 mm for instrument
Port 5 mm for instrument
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All patients had laparoscopic salvage of malfunc-
tioning peritoneal dialysis catheters under general anes-
thesia. We created pneumoperitoneum via a previously
placed peritoneal dialysis catheter. A 10-millimeter port
was placed at the supraumbilical area, and two 5-mil-
limeter ports were placed at the left lower quadrant and
the left para-umbilical areas (Figure 1). After identifying
and freeing the catheter, we removed and cleaned all the
tissue trapped in the catheter (Figure 2). The catheter was
fixed to the pelvic peritoneum with Vicryl 3-0 via Carter-
Thomason needle. Omentectomy was performed with an
energy-sealing device and removed via an umbilical port
(Figure 3).

Figure 1 Ports placement

Figure 2 All tissue trapped in the catheter was removed and cleaned
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omentum

-
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Figure 3 Partial omentectomy

The study was approved by the Clinical Research
Ethics Committee of the Suratthani Hospital. The mini-
mum number of required participants was 16 cases to
demonstrate the patency of the catheter from the sample
size calculation for one sample, a continuous outcome
with the patency data from Santarelli et al. study."”

All patients were followed up for at least 6 months
unless peritoneal dialysis was stopped. We reviewed de-
mographic details of the patients, etiology, and causes of
catheter malfunction through medical records. Maneuvers
for salvage, operative time, length of stay, and complica-
tions were also retrieved. STATA 13.0 was used to ana-
lyze. Categorical data were presented as percentages and
continuous data as mean + SD or median [interquartile
range (IQR)] as appropriate. Kaplan-Meier curves were
generated to demonstrate Catheter patency over observed
time.

RESuLTS

We attempted to salvage peritoneal dialysis catheter
malfunction in 42 patients surgically. Five patients did
not receive revision due to intraabdominal infection (2
patients) or severe intraabdominal adhesion (3 patients).
Overall, 37 laparoscopic salvage of catheter malfunctions
were performed. The demographics and characteristics of
the patients are shown in Table 1. For the entire popula-

tion, the mean age was 60 years (SD 13.4). Most of the
patients (97.2%) had hypertension, and half of the patients
(51.3%) had diabetes mellitus, followed by gout (24.3%),
cardiovascular disease (18.9%) and cerebrovascular dis-
ease (16.2%). All the patients had previously undergone
opened peritoneal dialysis catheter placement from a
median of 62 days (IQR 11-593) ago, and 12 patients
(32.4%) had previous other abdominal surgery.

The mean operative time was 62.4 minutes. The
omental wrapping was the most common cause of cath-
eter malfunction in 23 cases (62.1%). Other etiologies
were catheter malposition in 8 cases (21.6%) and fibrin
plug/sheath as well as other adhesion in 6 cases (16.2%).
Five patients had 30-day-postoperative complications,
including 2 cases with bleeding, 2 cases with surgical
site wound infection, and one death from ischemic heart
disease. The median catheter patency was 184 days
(IQR 36-568). The catheter patency was depicted with
the Kaplan-Meier curve in Figure 4. One-month catheter
patency was 83.7%. The catheter patency rate was 62.1%,
45.94%, and 24.32% at 6 months, 12 months, and 24
months, respectively. The most common reason to aban-
don peritoneal dialysis was catheter infection (32.4%),
followed by death (18.9%), malfunction (13.5%), and
bleeding (2.7%).
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Table 1 Patient demographic data and result

Characteristics (N, %)

Age (years): mean (SD) 60 (13.4)
Sex
Male 22 (59.4)
Female 15 (40.5)
Underlying disease
Diabetic mellitus 19 (51.3)
Hypertension 36 (97.2)
Gout 9 (24.3)
Adult polycystic kidney disease 1(2.7)
Cerebral vascular disease 6(16.2)
Cardiovascular disease 7 (18.9)
Time of previous catheter placement (days): median (IQR) 62 (11 - 593)
Previous other abdominal surgery 12 (32.4)

Operative time (minutes): mean (range)

62.02 (20-110)

Primary ethology of dysfunction

Omental wrapping 23 (62.1)
Catheter malposition 8 (21.6)
Fibrin plug and other adhesion 6 (16.2)
30-day postoperative complication 5(13.5)
Bleeding 2 (5.4)
Surgical site wound infection 2 (5.4)
Death 1(2.7)

Catheter patency (days): mean (Median) (IQR)

184 (36 - 568)

Patency rate (n, %)

At 1 month 31 (83.7)
At 6 months 23 (62.1)
At 12 months 17 (45.94)
At 24 months 9 (24.32)
Overall peritoneal dialysis abandon (n, %) 24 (64.8)
Infected catheter 12 (32.4)
Death 7 (18.9)
Malfunction catheter 5(13.5)

Bleeding

1(2.7)




102 Janwanitchsthaporn S, et al. Thai J Surg Jul. - Sept. 2023

Kaplan-Meier survival estimate
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Figure 4 Survival of the peritoneal dialysis catheter

Discussion

Currently, about half of long-term renal replacement
therapy in Thailand is peritoneal dialysis.' It has some
advantages over hemodialysis, including fewer hospital
visits and fewer dietary restrictions. The catheter me-
chanical malfunction is the second most common reason
to remove the catheter behind the infection.* Instead of
the catheter’s removal, salvage of the catheter can rescue
and prolong the catheter’s life. Recently, various proce-
dures have been used to salvage the catheter, including
fluoroscopy-guided manipulation, open revision, and
laparoscopic revision. The advantage of laparoscopic
salvage over other methods is direct visualization and
correction of the malfunction’s cause.

The most common cause of malfunction in our study
is omental wrapping (62.1%). We use sharp dissection
with scissors and blunt dissection to strip the omentum
from the catheter. Campisi S et al. have described a tech-
nique of partial omentectomy at laparoscopy,”” and we
prefer to perform partial omentectomy with an energy-
sealing device to prevent the recurrent omental wrapping.
Other researchers have described omental folding'' or
complete omentectomy'’ to prevent recurrent omental
wrapping, although no data compares those techniques.

Catheter malposition is another common cause of
catheter malfunction. It occurred in 8 patients (21.6%) in
our study. To prevent malposition, Kumar et al.”” and Bae
et al.'° described a technique of fixing the catheter to the
lower abdominal wall with a suture. Our preference is to
perform catheter fixing with the lower abdominal wall

in all patients who require salvage of a malfunctioning
CAPD catheter.

This study shows the success rate and safety of lapa-
roscopic salvage of catheters. The procedure can prolong
catheter life by a median of 184 days with 1-month and
6-month catheter survival rates at 83.7% and 62.1%, re-
spectively, compared favorably to previous studies.”'"!”
Despite good short-term outcomes, only one-quarter of
salvaged catheters survived until 2 years. The survival of
salvaged catheters is significantly lower than the new case
of peritoneal catheter placement, with a 2-year survival
of about 60-80%."'""

Our study has some limitations. The study is a
retrospective study from a single medical center, which
is subjected to selection bias and missing variables. The
number of patients is small compared to overall peritoneal
dialysis patients. A large prospective study should be done
in the future.

CONCLUSION

We found that most peritoneal dialysis catheter mal-
function was caused by omental wrapping and catheter
malposition. Laparoscopic salvage of malfunctioning
peritoneal dialysis catheters was feasible and relatively
safe in most patients. The operation could prolong cath-
eter usage temporarily. However, the long-term cath-
eter patency rate is still unsatisfactory. Newer surgical
techniques to prevent recurrent catheter malfunction are
warranted.




Vol.

44 No. 3

REFERENCES

. Kanjanabuch T, Takkavatakarn K. Global Dialysis Perspec-

tive: Thailand. Kidney360. 2020;1:671-75. doi:10.34067/
KID.0000762020.

. Saklyen MG. CAPD peritonitis. Incidence, pathogens, diagno-

sis, and management. Med Clin North Am. 1990;74:997-1010.
doi:10.1016/s0025-7125(16)30532-6.

. Jameson MD, Wiegmann TB. Principles, uses, and complica-

tions of hemodialysis. Med Clin North Am. 1990;74:945-60.
doi:10.1016/50025-7125(16)30528-4.

. McCormick BB, Bargman JM. Noninfectious complications

of peritoneal dialysis: implications for patient and technique
survival. J Am Soc Nephrol. 2007;18:3023-5. doi:10.1681/
ASN.2007070796.

. Farooq MM, Freischlag JA. Peritoneal dialysis: an increasingly

popular option. Semin Vasc Surg. 1997;10:144-50.

. AdamsonAS,Kelleher JP,Snell ME, et al. Endoscopic placement

of CAPD catheters: a review of one hundred procedures. Ne-
phrology, Dialysis, Transplantation. 1992;7:855-57.d0i:10.1093/
ndt/7.8.855.

. Gadallah MF, Arora N, Arumugam R, et al. Role of Fogarty

catheter manipulation in management of migrated, nonfunctional
peritoneal dialysis catheters. Am J Kidney Dis. 2000;35:301-5.
doi:10.1016/50272-6386(00)70340-4.

. Ogiing G. Malfunctioning peritoneal dialysis catheter and ac-

companying surgical pathology repaired by laparoscopic surgery.
Perit Dial Int. 2002;22:454-62.

. Ozyer U, Harman A, Aytekin C, et al. Correction of displaced

peritoneal dialysis catheters with an angular stiff rod. Acta Radiol.
2009;50:139-43. doi:10.1080/02841850802631983.

Laparoscopic Salvage of Malfunctional Peritoneal Dialysis Catheters. Outcome and Patency in 37 Patients

10.

11.

12.

13.

14.

15.

16.

17.

103

Santarelli S, Zeiler M, Marinelli R, et al. Videolaparoscopy as
rescue therapy and placement of peritoneal dialysis catheters: a
thirty-two case single centre experience. Nephrol Dial Transplant.
2006;21:1348-54. doi:10.1093/ndt/gfk041.

Goh YH. Omental folding: a novel laparoscopic technique for
salvaging peritoneal dialysis catheters. Perit Dial Int.2008;28:626-
31.

Kim SH, Lee DH, Choi HJ, et al. Minilaparotomy with manual
correction for malfunctioning peritoneal dialysis catheters. Perit
Dial Int. 2008;28:550-4.

Campisi S, Cavatorta F, Ramo E, Varano P. Videolaparoscopy
with partial omentectomy in patients on peritoneal dialysis. Perit
Dial Int. 1997;17:211-2.

Lee M, Donovan JF. Laparoscopic omentectomy for salvage
of peritoneal dialysis catheters. J Endourol. 2002;16:241-4.
doi:10.1089/089277902753752214.

Kumar S, Singh S, Sharma AP, etal. ANovel Technique for Lapa-
roscopic Salvage of CAPD Catheter Malfunction and Migration:
The Santosh-PGI Hanging Loop Technique. Case Rep Nephrol.
2015;2015:684976. doi:10.1155/2015/684976.

Bae IE, Chung WK, Choi ST, Kang J. Laparoscopic internal
fixation is a viable alternative option for continuous ambula-
tory peritoneal dialysis catheter insertion. J Korean Surg Soc.
2012;83:381-7. doi:10.4174/jkss.2012.83.6.381.

Salgaonkar HP, BeheraRR, Sharma PC,etal. Minimally invasive
surgery for salvage of malfunctioning peritoneal dialysis cath-
eters. J] Minim Access Surg. 2019;15:19-24. doi:10.4103/jmas.
IMAS_184_17.




The THAI Journal of SURGERY 2023;44(3):104-112.

Official Publication of The Royal College of Surgeons of Thailand Ori gin al Article

Association of Diaphragmatic Function by Ultrasound
and WIND Classification in Surgical Intensive Care Unit

Suphachok Pongratananukul, MD!
Kaweesak Chittawatanarat, MD!
Yutthaphan Wannasopa, MD?
Srisuluk Kacha, MD?

Kamtone Chandacham, MD!

'Department of Surgery, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand
’Department of Radiology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand
’Department of Anesthesiology, Faculty of Medicine, Chiang Mai University, Chiang Mai, Thailand

Abstract Background: The issue of weaning patients off mechanical ventilation remains a significant concern within
the intensive care unit (ICU). Weaning, as defined by the Weaning according to a New Definition (WIND), is a
valuable approach for predicting the probability of successful extubation or potential complications following
mechanical ventilation. Ultrasonic diagnostics have emerged as a promising tool for evaluating various aspects
of diaphragmatic function.

Objective: To investigate the relationship between ultrasonic diaphragmatic parameters and the WIND
classification group.

Methods: This was a prospective observational study in which intubated surgical intensive care unit
(SICU) patients were included. Diaphragmatic ultrasounds were performed on these patients. After the patients
were discharged from the SICU, they were classified into each WIND group, and the association between the
WIND group and diaphragmatic ultrasound parameters was analyzed.

Results: A total of 128 mechanically ventilated patients were included in the study. The majority of
atients, 90 (70%), were assigned to the WIND 1 group, while 24 (19%) were assigned to the WIND 2 group, and
8 (6%) were assigned to the WIND 3 group. Additionally, 6 (5%) patients were assigned to the WIND NW group.
The median age of the patients was 67, with a range of 53 to 75. The most common type of respiratory failure ex-
perienced by the patients was peri-operative, accounting for 68% of cases. There were no significant differences
observed in other baseline characteristics among the different groups. However, when examining diaphragmatic
thickness at the end inspiration, a statistically significant difference was found on the right side. The WIND 3
group had the lowest measurement of diaphragmatic thickness at 1.5 mm. It is important to note that there were
no significant differences in diaphragmatic thickness parameters between the groups.

Conclusions: Diaphragmatic ultrasonography lacks the ability to differentiate between the various WIND
groups. However, the success of weaning is different among WIND classifications.
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INTRODUCTION

After undergoing surgery, a subset of surgical pa-
tients may require ongoing mechanical ventilation and
are subsequently admitted to the surgical intensive care
unit (SICU). A follow-up study conducted at nine training
institutions in Thailand between 2011 and 2014’ revealed
that the incidence of respiratory failure among patients
in SICUs ranged from approximately 2.1% to 3.7%.” It
is of paramount importance to ensure proper weaning
of patients from mechanical ventilation, as improper
procedures can lead to prolonged stays in the intensive
care unit and potential complications associated with the
ventilator. Conversely, if the weaning process is expe-
dited, it can have detrimental effects on the cardiovascular
system, necessitating tracheal intubation and resulting in
increased complications and mortality.””

Consequently, the selection of appropriate patients
for the weaning process is crucial. Currently, there exist
classifications of patients who have successfully been
weaned from ventilators, such as the International Con-
sensus Conference (ICC) and weaning according to a
new definition (WIND). These classifications serve as
valuable tools in predicting the likelihood of success or
complications following ventilator weaning. According
to the findings of a previous study conducted by WIND
group, it has been demonstrated that utilizing the WIND
classification system offers several benefits in predicting
a patient's mechanical ventilator weaning group, as com-
pared to the previous ICC classification. The results of
this study provide valuable insights into the effectiveness
of the WIND classification system in clinical practice.®’

Diaphragmatic dysfunction is a prevalent issue
among mechanically ventilated patients, which can pro-
long the duration of mechanical ventilation and impede
successful weaning. In the past, assessing diaphragmatic
function necessitated invasive instruments and expert
interpretation, rendering it inconvenient for critically ill
patients. However, with the advent of high-frequency
diagnostic equipment, the function of the diaphragm can
now be conveniently evaluated at the patient's bedside.®
Ultrasonic diagnostics enable the measurement of various
aspects of diaphragm function, including diaphragmatic
excursion, diaphragmatic thickness, and diaphragmatic
contraction speed. These measurements, when combined
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with other parameters, can serve as indicators for success-
ful weaning from the ventilator.”"!

The WIND study did not investigate the correlation
between diaphragmatic ultrasound assessment. There-
fore, the objective of this study is to investigate whether
diaphragmatic function tests can be employed to classify
patients who have been weaned from ventilators in surgi-
cal ICUs and predict the success of ventilator weaning.

Previous research in the field'*'* has predominantly
focused on the Internal Medicine Intensive Care Unit
(ICU), with limited attention given to surgical ICUs.
Within the surgical ICU, it is common for periopera-
tive patients to encounter diaphragmatic dysfunction.
This dysfunction can have multiple underlying causes,
including surgical procedures involving the thoracic or
abdominal regions. However, this study aims to address
this gap by including a patient cohort consisting of indi-
viduals in perioperative status and surgical ICUs.

PATIENTS AND METHODS

This is a single center, prospective observational
study of SICU patients at Maharaj Nakorn Chiang Mai
Hospital during the ethics committee approval period
whose diaphragm function were measured with ultra-
sound during spontaneous breathing trial.

Ethics committee: Faculty of Medicine, Chiangmai
University (study code: SUR-2563-07301).

The inclusion criteria for this study encompassed the
following parameters: individuals aged 20 years or older,
patients who had undergone post-operative procedures,
including urgent, emergent, and elective surgeries, indi-
viduals who were intubated or had a tracheostomy and
were under invasive mechanical ventilation, patients who
were deemed ready to undergo a spontaneous breathing
trial, and individuals who did not have any contraindi-
cations to undergo ultrasonic assessment in the specific
anatomical area. Additionally, written informed consent
was obtained from all participants in the study.

The exclusion criteria outlined in this study are
essential for defining the specific population that will

be included in the analysis. By excluding individuals
who are pregnant, have neuromuscular disease, dia-
phragm paralysis, or cannot be properly visualized by
ultrasound.
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Sample size

Formula

Testing two independent proportion

Previous study

Weaning success

Thai J Surg Jul. - Sept. 2023

Sample size

N = 18 per group

ny = kn, TFdi <26% Incidence = 0.187
. (Zoes2 + 25)* [pl 1-p) (1 )] Success = 0.38 The calculate at least
= 22 p D2 b2 TFdi > 26% enrolled = 96.26

Success = 0.83

9,10

= 97 patients

Incidence of difficult/prolong
wean = 0.187'

Estimated dropout rate was estimated to 15% then total sample size was 111 patients.

Study protocol

Patients who were admitted to the Surgical Intensive
Care Unit (SICU) and required mechanical ventilation
(MYV) during the ethics committee approval period were
prospectively enrolled at Maharaj Nakorn Chiang Mai
Hospital. The diaphragmatic ultrasound examinations
were conducted by a surgical resident who was supervised

WIND Groups

by attending ICU staff. Following the patients' discharge,
data on mechanical ventilator usage was obtained from
the electronic ICU database. This information was then
used to categorize the patients into different WIND
groups. Subsequently, the association between the WIND
group and various diaphragmatic ultrasound parameters
was analyzed.

Group no weaning (NW): patients never experienced any separation attempt.
Group 1 (short weaning): the first separation attempt resulted in a termination of the weaning process
within 24 hours (successful separation or early death).

Group 2 (difficult weaning): weaning was terminated after more than 1 day but in less than 1 week
after the first separation attempt (successful separation or death).

Group 3 (prolonged weaning): weaning was still not terminated 7 days after the first separation
attempt (by success or death).

Reproduced from Beduneau G, Pham T, Schortgen F, et al. Epidemiology of Weaning Outcome according to a New
Definition. The WIND Study. Am J Respir Crit Care Med. 2017’

Diaphragmatic Ultrasound

All patients were evaluated in a semi-recumbent
position within 24 hours of ICU admission using the
Esaote® MyLab™ Gamma Ultrasound.

Diaphragm excursion was assessed in the subcostal
area, between the mid-clavicular and anterior axillary
lines, using the liver or spleen as acoustic windows.
Either a cardiac or abdominal probe (1-5 MHz) can be
used to identify the diaphragm as a hyperechoic line,
which approaches the probe during inspiration. The in-
spiratory excursion can be easily measured in M-mode,
referred to as diaphragm excursion (DE) (Figure 1).

Diaphragm thickness was evaluated at the zone of
apposition, between the 8th and 10th intercostal space
in the mid-axillary or anterior-axillary line, 0.5 - 2 cm
below the costophrenic sinus. To obtain adequate im-
ages of diaphragmatic thickness, a linear high-frequency
probe (6-13 MHz) is mandatory. At adepthof 1.5-3 cm,
two parallel echogenic layers can be easily identified:
the nearest line represents the parietal pleura, while the
deeper one represents the peritoneum. The diaphragm,
which is the least echogenic structure between these two
lines, can be assessed for thickness and thickening with
inspiration.




Vol. 44 No. 3

cu
PRC 226 PRS 0

B e

Figure 1 Diaphragm excursion measurement

This is usually done in M-mode and referred to as
diaphragmatic thickness at end inspiration (TDiins) and
diaphragmatic thickness at end-expiration (TDiexp). The
diaphragm thickness fraction (DTF) can be calculated
using the formula (TDiins - TDiexp)/ TDiexp X 100. (Figure 2).

Data Analysis

The data in this study are presented using various
statistical measures. These measures include counts, per-
centages, means with standard deviations, and medians
with interquartile ranges, as appropriate for the specific
data being analyzed. The Kruskal-Wallis H test was
employed to analyze the data across the different WIND
groups. In statistical analysis, a p-value below 0.05 was
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Figure 2 Diaphragm thickness measurement

considered to indicate statistical significance.

REsuLTS

The study began with a cohort of 152 patients. How-
ever, 24 individuals were later excluded for various rea-
sons, which are detailed in the accompanying flowchart
(Figure 3). As a result, the final sample size for the study
consisted of 128 patients. The baseline characteristics of
the patients admitted to the Surgical Intensive Care Unit
(SICU) are thoroughly presented in Table 1. The results
of the study show that, apart from the cause of respiratory
failure, specifically peri-operative factors, there were no
statistically significant differences observed among the
WIND group.

Mechanically ventilated patient

24 patients were excluded

L =

¢ Non-visualized diaphragm
¢ Incomplete data

| 128 patients meet the inclusion criteria

= S

WIND NW

| Ultrasound assessment of diaphragm

WIND 1

WIND 2

WIND 3

Figure 3 Flow chart of study design and included participants.
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Table 1 Characteristics of WIND group patient in SICU

All WIND NW

6 (4.69%)

Characteristic

128 (100%)

Pongratananukul S, et al.

Thai J Surg Jul. - Sept. 2023

WIND 1
90 (70.31%)

WIND 2
24 (18.75%)

WIND 3
8 (6.25%)

P-value

Median age, years (IQR) 67 (53-75) 68.5 (67-72) 63.5 (50-76)  69.5 (64-77) 73 (61.5-80.5) 0.303
Sex, male 69 (54.33) 1(16.67) 47 (52.22) 16 (66.67) 5(71.43) 0.117
ASA
Class 1 2 (1.56) 0 (0.00) 1(1.11) 1(4.17) 0 (0.00) 0.225
Class 2 45 (35.16) 1(16.67) 33 (36.67) 9 (37.50) 2 (25.00)
Class 3 53 (41.41) 1(16.67) 41 (45.56) 7 (29.17) 4 (50.00)
Class 4 28 (21.88) 4 (66.67) 15 (16.67) 7 (29.17) 2 (25.00)
Class 5 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
Underlying disease
Hypertension 64 (50.39) 3 (50.00) 41 (46.07) 15 (62.50) 5 (62.50) 0.468
Diabetes 32 (25.00) 2(33.33) 18 (20.00) 9 (37.50) 3 (37.50) 0.252
COPD 9 (7.03) 0 (0.00) 4 (4.44) 4 (16.67) 1(12.50) 0.161
CVS disease 28 (21.88) 2(33.33) 17 (18.89) 8 (33.33) 1(12.50) 0.364
Cancer 30 (23.44) 2(33.33) 23 (25.56) 4 (16.67) 1(12.50) 0.637
Cirrhosis 10 (7.81) 0 (0.00) 7(7.78) 3 (12.50) 0 (0.00) 0.589
CKD 18 (14.06) 1(16.67) 14 (15.56) 3 (12.50) 0 (0.00) 0.669
Immunocompromise 6 (4.69) 1(16.67) 4 (4.44) 0 (0.00) 1(12.50) 0.239
Cause of respiratory failure
Hypoxemic 23 (17.97) 4 (66.67) 8 (8.89) 9 (37.50) 2 (25.00) 0.006
Hypercapnic 2 (1.56) 0 (0.00) 2(2.22) 0 (0.00) 0 (0.00)
Peri-operative 87 (67.97) 2(33.33) 67 (74.44) 12 (50.00) 6 (75.00)
Shock 16 (12.50) 0 (0.00) 13 (14.44) 3 (12.50) 0 (0.00)

The association between diaphragmatic ultrasound
parameters and the WIND group is presented in Table 2
and Figure 4. Notably, the diaphragmatic thickness at end
inspiration showed statistical significance for the right
side, with the WIND 3 group having the lowest mea-
surements (1.6 mm, 2.3 mm, and 1.5 mm, respectively).
However, there were no significant differences observed
in other diaphragmatic thickness parameters across the
groups. Although the WIND 3 group had the highest dia-
phragm thickness fraction, this difference did not reach
statistical significance. In terms of the diaphragmatic

excursion parameter, the WIND 2, WIND 1, and WIND
3 groups displayed the highest values, respectively.
Several mechanical ventilator outcomes were found

to be statistically significant. These outcomes, between
WIND Group 1,2, and 3, include the number of patients
who were successfully weaned from mechanical ventila-
tion MV) (91.1%, 83.3%, 12.5%, p < 0.001) the rate of
reintubation (8.9%, 16.7%, 62.5%, p < 0.001), the dura-
tion of MV days (2, 4, 12, p < 0.001) and the length of
stay (LOS) in the hospital (3, 6,22, p <0.001).
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Table 2 WIND group and diaphragmatic parameters association, data was presented in (mm) (IQR) for the diaphragmatic thickness
and diaphragmatic excursion and (%) (IQR) for the diaphragmatic thickness fraction.

Characteristic All WIND NW WIND 1 WIND 2 WIND 3 P-value
TDiins
Right 2.35 (1.8-2.99) 2.5 (2.5-2.5) 2.2 (1.8-2.85) 3(2.6-3.7) 2.4(1.3-27) 0.054
Left 2.3(1.8-2.9) 2.6 (2.6-2.6) 2.3 (1.7-2.83) 2.3(1.9-3.2) 255 (2.2-2.7) 0.651
TDieyp
Right 1.69 (1.3-2.25) 2(2-2) 1.6 (1.2-2.2) 2.3 (2-3) 1.5(0.71-2.1) 0.047
Left 1.7 (1.2-2.4) 1.9 (1.9-1.9) 1.6 (1.3-2.25) 2 (1.4-2.7) 1.75 (0.82-2) 0.603
DTF (%)
Right 33 (24-54) 28 (28-28) 32.5(24.5-54.5)  32.5 (19-44) 60 (29-93) 0.388
Left 36.5 (24-47.5) 34 (34-34) 36.5 (24.5-47) 29 (21-48) 53.5 (31-72) 0.596
Diaphragmatic excursion
Right 9.5 (6.85-12.7) 6.7 (6.7-6.7) 9.37 (7-13) 9.7 (6.6-15.1) 7.2 (5-11.5) 0.449
Left 9.1 (6.65-12.55)  19.9(19.9-19.9) 9.15(6.5-12) 10.5(7.4-154) 6.9 (5.4-7.2) 0.069
w o g-
© : P T e
H]
= ¥m g '
™ " I i
WIND 1 WIND 2 WIND 3 WIND 1 WIND 2 WIND 3
A [ Mean Right Ins.__ [ Mean Left ins. B [ mean Rignt Exp. I Mean Left Exp. |
3 . g
2 : g/ .
8' : : * . .
] i :
" E.
=
WIND 1 WIND 2 WIND 3 WIND 1 WIND 2 WIND 3
c | B wean Right I Mean excursion Left | D (I DvF Rignt [ OTF Len |
Figure 4 Boxplot of right and left diaphragmatic thickness at inspiration (A) and expiration (B), right and left diaphragmatic excursion

(C), and right and left DTF (D): the central line represents the median value, the box boundaries represent the 25th and
75th percentiles, the lines represent the lowest datum within 1.5 inter-quartile range (IQR) of the lower quartile and the
highest datum within 1.5 IQR of the upper quartile, and the circles represent outlier values.
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Table 3 WIND group, mechanical ventilator outcomes, and LOS association

Characteristic P-value
Successful weaning from MV N, % 107 (83.59) 82 (91.11) 20 (83.33) 1(12.50) <0.001
Interval between intubation and first weaning, 1(1-3) 1(1-2) 1(1-4) 7 (1.5-8.5) 0.184
days (IQR)

Re-intubation N, % 19 (14.84) 8 (8.89) 4 (16.67) 5 (62.50) < 0.001
Interval between re-intubation, days (IQR) 2(1-4) 2 (1-5) 2.5 (1-38.5) 3(1-4) 0.752
MV days (IQR) 2 (1-4) 2 (1-3) 4 (3-7) 12 (5-16) < 0.001
LOS in ICU, days (IQR) 5 (3-11.5) 3 (2-8) 6 (5-12.5) 22 (17.5-30) <0.001

DiscussioN

The mean diaphragmatic thickness in previous
studies'”'* has been reported to range from 1.5 to 2 mm.
Consistent with these findings, the mean diaphragmatic
thickness in this study also fell within this range. Previous
research has indicated that the diaphragmatic thickness
fraction is a reliable measure for assessing respiratory
muscle workload during noninvasive mechanical ventila-
tion and predicting extubation success or failure during
a trial of spontaneous breathing. However, this study did
not observe any significant difference in the measurement
of the thickening fraction, which could be attributed to
the intricacies involved in the measurement process.

Measuring diaphragmatic thickness poses several
challenges. Firstly, due to the relatively small thickness
values (between 1.5 and 2 mm), a high-frequency probe,
typically a 10 MHz "vascular" probe, is necessary. Sec-
ondly, difficulties may arise when dealing with certain
patient populations, such as obese individuals. Thirdly,
the majority of ultrasound machines have a minimum
detectable distance of 0.1 mm, which constitutes roughly
5-7% of the measurement. Consequently, even slight
variations introduced by the operator can influence the
precision of the measurement. Fourthly, evaluating the
left hemidiaphragm can be particularly challenging in
some cases to identify the correct position for measur-
ing diaphragmatic parameters. Lastly, there is a lack of
available data regarding the learning curve associated
with measuring the thickening fraction. These factors
collectively contribute to the potential discrepancies
between the findings of this study and those of previous
studies.

In conclusion, this study aligns with earlier research
by reporting a mean diaphragmatic thickness within

the established range. However, it did not find any sig-
nificant difference in the measurement of the thickening
fraction, potentially due to the complexities involved in
the measurement process. Challenges associated with
measuring diaphragmatic thickness include the need for
a high-frequency probe, difficulties with certain patient
populations, the impact of operator-induced fluctuations,
challenges in evaluating the left hemidiaphragm, and
a lack of data on the learning curve for measuring the
thickening fraction. These factors may help explain the
differences observed between this study and previous
research.

On the contrary, measuring diaphragmatic excursion
using ultrasound is a relatively straightforward procedure.
In this study, although the differences were not statisti-
cally significant, the values of diaphragmatic excursion
were observed to be higher in both groups 1 and 2 of the
WIND population compared to group 3, which represents
individuals with normal diaphragmatic function. Notably,
group 2 exhibited even higher values than group 1, sug-
gesting the need for further investigation to determine
whether this difference may be due to early postopera-
tive diaphragmatic dysfunction. Additionally, conducting
studies with larger sample sizes and closely monitoring
ultrasonographic parameters during mechanical ventila-
tion in the Surgical Intensive Care Unit (SICU) setting is
crucial. These efforts will facilitate a more comprehensive
analysis and enhance our understanding of the signifi-
cance of ultrasound parameters in this specific context.

The study conducted by the WIND group aimed
to validate the use of the WIND group classification in
predicting the outcomes of mechanical ventilation in pa-
tients admitted to the Maharaj Nakorn Chiang Mai SICU.
From the Table 3, the results of the study showed that the
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WIND group classification was effective in predicting the
outcomes of mechanical ventilation. This suggests that
the WIND group classification can be a useful tool for
clinicians in assessing the prognosis of patients requiring
mechanical ventilation. However, it is important to high-
light that the study also found no correlation between the
WIND group classification and ultrasonic diaphragmatic
measures.

One limitation of this study is that although we are
concerned with the measurement bias by training the
residents every rotation and consultant assistant during
measurement, the operator bias might also occur. Another
limitation arises from the possibility of post-operative
diaphragmatic swelling in patients, which might lead
to minimal differences in diaphragmatic thickness and
excursion among the groups under investigation. Addi-
tionally, as mentioned earlier, the study emphasizes that
even slight discrepancies introduced by the operator can
significantly affect measurement precision. Therefore, to
bolster the reliability of the study findings, it is advisable
to carry out an intra-observer validation assessment.

CONCLUSION

Diaphragmatic ultrasonography lacks the abil-
ity to differentiate between the various WIND groups.
However, the success of weaning varies among WIND
classifications.
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