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ORIGINAL ARTICLE

Basic and combined peripheral biomarkers have no predictive
and prognostic value in breast cancer patients undergoing
pre-operative systemic therapy

Los biomarcadores periféricos basicos y combinados no tienen valor predictivo ni
pronostico en pacientes con cancer de mama sometidas a terapia sistémica preoperatoria

Cem Karaali'*, Huseyin Esir?, Emel E. Pala’, Murat Keser‘, Olgun U. UnaF, Orhan Ureyen’,

and Mustafa Emiroglu®

"Department of General Surgery, University of Health Sciences, Izmir Faculty of Medicine, Izmir City Hospital; 2Department of General Surgery,
I1zmir City Hospital; Department of Pathology, University of Health Sciences, Izmir Faculty of Medicine, Izmir City Hospital; “Department of Medical
Oncology, University of Health Sciences, Izmir City Hospital; °Department of General Surgery, Memorial Bodrum Hospital, Mugla. Izmir, Turkey

Abstract

Objective: The main goal in breast cancer patients receiving neoadjuvant chemotherapy (NAC) is to achieve a pathologic
complete response (pCR). Our study examines whether neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR),
monocyte/lymphocyte ratio (MLR), NLR/PLR, systemic immune-inflammation index (Sll), systemic inflammation response index
(SIRI), and pan-immune-inflammation-value (PIV) indices can be used to determine pCR and prognosis. Methods: The study
included 228 patients who received NAC for breast cancer between 2010 and 2021. Results: Fifty-nine (25.9%) patients had
pCR to NAC. In univariate analysis, a significant difference was found between clinical node status, estrogen receptor, pro-
gesterone receptor, human epidermal growth factor receptor 2 (HER2), breast cancer molecular subtypes, and pCR (p < 0.05).
However, in multivariate analysis, only breast cancer molecular subtypes and HERZ2 status were significantly associated with
PCR (p < 0.05). Conclusions: Our study did not find a significant relationship between NLR, PLR, MLR, NLR/PLR, SlI, SIRI,
and PIV indices and pCR, disease-free survival, and overall survival in breast cancer patients who received NAC.

Keywords: Neoadjuvant chemotherapy. Breast cancer. Disease-free survival.
Resumen

Objetivo: El propdsito principal en las pacientes con cancer de mama que reciben quimioterapia neoadyuvante (NAC) es
lograr una respuesta patoldgica completa (RPC). Nuestro estudio examina si el indice neutrdfilos/linfocitos (INL), el indice
plaquetas/linfocitos (IPL), el indice monocitos/linfocitos (IML), la ratio INL/IPL, el indice de inmunidad-inflamacion sistémica
(I1S), el indice de respuesta inflamatoria sistémica (IRIS) y el valor de pan-inmuno inflamacion (VPI) pueden utilizarse para
determinar la RPC y el prondstico. Métodos: E/ estudio incluyé 228 pacientes que recibieron NAC por cdncer de mama entre
2010 y 2021. Resultados: Cincuenta y nueve (25.9%) pacientes tuvieron RPC a NAC. En el andlisis univariante, se encontro
una diferencia significativa entre el estado de los ganglios clinicos, el receptor de estrégenos, el receptor de progesterona, el
receptor del factor de crecimiento epidérmico humano 2 (HERZ2), los subtipos moleculares de cancer de mama y la RPC
(p < 0,05). Sin embargo, en el analisis multivariante solo los subtipos moleculares de cancer de mama y el estado de HER2
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se asociaron significativamente con la RPC (p < 0.05). Conclusiones: Nuestro estudio no encontré una relacion significativa
del INL, el IPL, el IML, la INL/IPL, el IIS, el IRIS y el VPI con la RPC, la supervivencia libre de enfermedad y la supervivencia

global en pacientes con cdncer de mama que recibieron NAC.

Palabras clave: Quimioterapia neoadyuvante. Cancer de mama. Supervivencia libre de enfermedad.

|ntroduction

Breast cancer surpassed lung cancer as the most
common cause of cancer globally in 2020. In addition,
breast cancer still accounts for a significant proportion
of cancer-related deaths among women'. Therefore,
focusing on the treatment of patients with breast can-
cer is critical for public health.

In recent years, neoadjuvant chemotherapy (NAC)
has been used with increasing frequency in breast
cancer. However, there are uncertainties about which
patients are sensitive to NAC and which patients are
not sensitive to NAC and, therefore, delayed surgical
treatment. Hence, it is essential to determine who will
benefit from NAC to optimize the treatment of patients.
Estrogen receptor (ER), progesterone receptor (PR),
Ki67 level, and human epidermal growth factor recep-
tor 2 (HER2) status are often used to predict response
to NAC. However, they do not accurately predict
pathologic complete response (pCR). Tumor-infiltrating
lymphocytes (TILs), programmed death-ligand 1
expression, artificial intelligence-assisted magnetic
resonance imaging, quantitative ultrasound, and
18F-fluorodeoxyglucose positron emission tomogra-
phy/computed tomography can also be used. How-
ever, these examinations are costly. In addition,
access to these examinations is only sometimes pos-
sible, and further studies are needed for their use in
routine practice?. Therefore, there is a need for param-
eters that are inexpensive, easily accessible, and not
difficult to interpret®. For this purpose, the literature
has turned toward inflammatory bioindices analyzed
from peripheral blood. These indices are calculated
by various ratios of white blood cell (W), neutrophil
(N), monocyte (M), platelet (P), and lymphocyte (L)
cells in peripheral blood. The literature has mainly
focused on the association of neutrophil/lymphocyte
ratio (NLR) and platelet/lymphocyte ratio (PLR) with
pCR and survival. However, studies have shown that
NLR and PLR have conflicting results in predicting
pCR, disease-free survival (DFS), and overall survival
(OS)*®. However, few studies have focused on more
combined peripheral indices such as NLR/PLR, sys-
temic immune-inflammation index (Sll), systemic

inflammation response index (SIRI), and pan-immune-
inflammation-value (PIV). These studies suggest that
more complex calculations predict PCR and prognosis
better than individual biomarkers’. However, there are
few publications on combined indices and conflicting
reports on these indices.

The main goal of breast cancer patients receiving
NAC is to achieve a PCR. In the above-mentioned
studies, the main issue investigated is whether periph-
eral biomarkers can predict pCR in breast cancer
patients receiving NAC. However, giving NAC to
breast cancer patients to achieve an axillary complete
response based on these indices may lead to over-
treatment of the axilla because axillary dissection
(AD) is recommended even if the patient’s axilla
remains clinically positive after NAC or if micrometas-
tases are detected on sentinel lymph node biopsy
(SLNB) in patients whose axilla turns clinically nega-
tive. However, AD is not always recommended in
patients who have not received NAC if the axilla is
positive under certain conditions or if macrometasta-
sis is detected on SLNB®.

For the reasons mentioned above, we focused on
the contradictions and problems in the clinical use of
simply calculated indices such as NLR, PLR, mono-
cyte lymphocyte ratio (MLR), and more combined indi-
ces such as NLR/PLR, SllI, SIRI, and PIV. We aimed
to examine the relationship of these indices with pCR,
DFS, and OS in a group of breast cancer patients
receiving NAC. Our study is also important as it is the
first publication in the literature to evaluate these indi-
ces together in terms of both pCR and prognosis.

Methods
Patients

Patients who were admitted to SBU Izmir Tepecik
Training and Research Hospital between 2010 and
2021 and received NAC for breast cancer were
included in the study. After obtaining permission from
the Local Ethics Committee, patient data were obtained
retrospectively from the electronic record system and
physical files of the medical oncology department.



All patients were diagnosed histopathologically and
were presented to the multidisciplinary session after
appropriate screening according to their stage. The
standard treatment regimens for patients with NAC
decisions are anthracycline and taxane-based.
Patients with HER2-positive tumors received standard
trastuzumab in addition to anthracycline and taxane.

Surgical procedures included breast conserving sur-
gery, level 1, 2, and 3 oncoplastic surgery or mastec-
tomy. The axilla was evaluated by imaging and physical
examination after NAC. SLNB was performed in patients
with clinically negative axilla after NAC. No additional
procedure was performed in patients with negative
SLNB, while AD was performed in patients with positive
(macro- or micrometastases). Clinical and pathological
tumors were defined according to the American Joint
Committee Cancer Staging Manual 8™ Edition.

Exclusion criteria were as follows: diagnosis of cancer
in an organ other than breast cancer, active infection at
the time of diagnosis, inflammatory or autoimmune dis-
ease, recent steroid therapy, inflammatory breast can-
cer, metastasis to distant organs at the time of diagnosis,
no surgery after NAC, and no follow-up.

Pathological assessments

Residual cancer burden (RCB) was calculated by
the computerized MD Anderson RCB Calculator™.
Accordingly, RCB 0 = pCR. pCR was defined as the
absence of a tumor in both breast and axillary lymph
nodes (LNs) after NAC (ypTO/ypTis, ypNO). The non-
pCR group included RCBs 1, 2, and 3 (minimal, mod-
erate, and extensive residual disease, respectively).

Study patients were classified into four main molec-
ular subtypes. HR-positivity (HR+) was defined as
ER-positive and/or PR-positive, while HR-negativity
(HR-) was defined as ER-negative and PR-negative.
HER2-positivity (HER2+) was defined as a score of 3
+ on immunohistochemical staining and/or positive
HER2 gene amplification by FISH. Triple-negative
breast cancer was defined as HR-/HER2-, HER2-
enriched breast cancer as HR-/HER2+, luminal A as
HR+, HER2-, Ki67 < 14 and luminal B as HR+,
HER2-, Ki67 > 14 or HR+, and HER2+".

Blood sample analysis
NLR, PLR, MLR, NLR/PLR, SlII, SIRI, and PIV val-

ues were calculated from peripheral blood values
obtained from patients diagnosed with breast cancer

C. Karaali et al. Peripheral biomarkers in breast cancer

before NAC treatment. The indices were calculated as
follows; NLR; N/L, PLR; P/L, MLR; M/L, SlI; N*P/L,
SIRIl; N*M/L, PIV; and N*P*M/L.

Patient follow-up and prognostic
assessment

The patients whose treatments were completed
were followed up in outpatient departments. Patients
were followed up by physical examination, blood tests,
and imaging methods and additional procedures were
performed when necessary.

Statistical analysis

Statistical analyses were performed using IBM® Sta-
tistical Package for the Social Sciences (SPSS)® 26
(IBM Corp. Released 2019. IBM SPSS Statistics for
Windows, Version 26.0. Armonk, NY: IBM Corp) soft-
ware. The conformity of the variables to normal distri-
bution was analyzed using analytical methods
(Kolmogorov-Smirnov/Shapiro-Wilk tests). Descriptive
analyses were given as mean = standard deviation for
normally distributed variables, median and min-max
for those not normally distributed. Descriptive statis-
tics of categorical variables obtained from sociodemo-
graphic and clinical information were analyzed using
frequency and percentage values. Pearson’s or Fish-
er's Exact X2 test was used to examine the character-
istics of patients between pCR response states. With
receiver operative characteristics (ROC) analysis, cut-
off values were determined for NLR, MLR, PLR, PIV,
Sll, and SIRI parameters (follow-up parameters ana-
lyzed) according to pCR status. According to these
cutoff values, dichotomous (Low/High) variables were
created for each parameter. Univariate and multivari-
ate logistic regression analyses were performed to
evaluate the effects of the characteristic variables of
the disease and the follow-up parameters on the pCR
response. Cox regression survival analysis was per-
formed on these follow-up parameters (NLR, PLR,
NLR/PLR, MLR, SIRI, Sll, and PIV) to examine
whether they could be predictive markers on OS and
DFS times and whether a model could be established.
Kaplan—Meier survival analysis was performed to
compare OS and DFS durations between dichoto-
mous (Low/High) variables of NLR, PLR, NLR/PLR,
MLR, SIRI, SlI, and PIV parameters. P values below
0.05 were considered statistically significant.
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Table 1. Clinicopathological characteristics of the patients

Characteristics n %
Age

Median (range) 50 (24-78)
Clinical T stage

1 31 13.6

2 150 65.8

3 31 13.6

4 16 7.0
Clinical T stage groups

T1-T2 181 79.4

T3-T4 47 20.6
Clinical node stage

0 46 20.2

1 137 60.1

2 4 18.0

3 4 1.8
Clinical node status

Negative 46 20.2

Positive 182 79.8
Stage

1 3 1.3

2 147 64.5

3 78 34.2
Stage groups

<2 150 65.8

3 78 34.2
Grade

Missing 3 1.3

Good 5 2.2

Moderate 126 55.3

Poor 94 41.2
Moleculer subtype

Luminal A 24 10.5

Luminal B 123 53.9

ER and PR-. Her2+ 34 14.9

Triple-negative 47 20.6
Histotype

Invasive ductal carcinoma 206 90.4

Other histology types 22 9.6
Estrogen receptor status

Negative 81 35.6

Positive 147 64.4
PR receptor status

Negative 83 36.4

Positive 145 63.6
HER-2 status

Negative 162 711

Positive 66 28.9
Ki-67 index, n (%)

Median (range) 30 (0-90)
Ki67 classification

Ki67 < 14 34 14.9

Kie7 > 14 194 85.1

(Continues)

Table 1. Clinicopathological characteristics of the patients
(continued)

Characteristics n %

Pathologic complete response

Yes 59 25.9
No 169 741
Recurrence
No 188 825
Yes 40 17.5
Recurrence location
No 188 825
Liver 5 22
Bone 3 1.3
Lung 6 2.6
Brain 4 1.8
Multiple 16 7.0
Breast axilla 6 2.6
Mortality
Ex 43 18.9
Live 185 81.1

HER2: human epidermal growth factor receptor 2.

Results

The study included 228 patients with breast cancer
who received NAC. The median age of the patients
was 50 years (range 24-78). Fifty-nine (25.9%) patients
had pCR to NAC and 169 (74.1%) patients had non-
pCR. Recurrence was detected in 40 (17.5%) patients.
Forty-three (18.9%) of the patients died. Detailed clini-
copathological characteristics of the patients are sum-
marized in table 1.

The relationship between pathological complete
response and indices was calculated according to ROC
analysis. Cutoff values of NLR, PLR, MLR, NLR/PLR,
Sll, SIRI, and PIV indices were calculated according to
maximum specificity and sensitivity. According to this
analysis, no significant difference was found between
pCR and indices (p > 0.05) (Table 2).

The relationship between pCR and clinicopathologi-
cal characteristics of the patients was examined by
univariate and multivariate analyses. In univariate
analysis, a significant difference was found between
clinical node status, ER, PR, HER-2, breast cancer
molecular subtypes, and pCR (p < 0.05). However, in
multivariate analysis, only breast cancer molecular
subtypes and HER-2 status were significantly associ-
ated with pCR (p < 0.05). Detailed data are given in
table 3.

Cox regression analysis was applied to examine
whether NLR, PLR, MLR, NLR/PLR, SlI, SIRI, and PIV
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Table 2. ROC curve analyses for pathological complete response

Test result AUC Standard p 95% Cl for AUC Sensitivity Specificity Cut-off
variable (s) error (%) (%) value
Lower bound Upper bound
MLR 0.581 0.044 0.067 0.494 0.668 55.2 56.4 0.262
NLR 0.566 0.045 0.138 0.477 0.654 55.2 55.8 2.24
PIV 0.557 0.045 0.198 0.468 0.646 55.2 56.4 3357
PLR 0.500 0.047 0.998 0.407 0.593 50.0 57.0 141.2
SlI 0.540 0.046 0.362 0.450 0.630 50.0 64.2 597.5
SIRI 0.584 0.044 0.057 0.498 0.669 534 57.6 1.18

The test result variable (s): NLR, MLR, PLR, SlI, and SIRI have at least one tie between the positive actual state group and the negative actual state group. p < 0.05 considered
significant. Youden'’s J statistic used for cutoff. AUC: area under curve; Cl: confidence interval; ROC: receiver operating characteristic; MLR: monocyte/lymphocyte ratio; NLR: neutrophil/
lymphocyte ratio; PIV: pan-immune-inflammation-value; PLR: platelet/lymphocyte ratio; SII: systemic immune-inflammation index, SIRI: systemic inflammation response index.

Table 3. Univariate and multivariate logistic regression analysis for the predictors of pathological complete response

Factors Univariate analysis Multivariate analysis
OR 95% C.l. for EXP p OR 95% C.l. for EXP p
(B) (B8)
Lower  Upper Lower  Upper
Age 1.0 1.0 1.1 0.142
Clinical T stage (T1-2 vs. T3-4) 1.2 0.6 2.5 0.664
Clinical node status (Positive vs. Negative) 2.8 14 5.6 0.003 2.1 0.8 4.5 0.057
Triple-negative versus luminal A 17.0 2.1 136.9 0.008 30.8 25 380.9 0.008
Triple-negative versus luminal B 38 1.8 8.1 < 0.0001 14.8 28 79.5 0.002
Triple-negative versus ER and PR-. HER2+ 1.6 0.6 3.7 0.356 41 1.1 16.0 0.040
Stage (< 2 vs. 3) 1.2 0.7 2.2 0.563
Histopathology (IDC vs. Other) 1.9 0.8 49 0.172
ER (Positive vs. Negative) 41 2.2 7.6 < 0.0001 29 0.4 24.0 0.325
PR (Positive vs. Negative) 3.7 2.0 6.9 < 0.0001 1.4 0.2 7.6 0.737
HER-2 status (Negative vs. Positive) 3.8 2.0 7.2 < 0.0001 6.1 2.2 16.9 < 0.0001
Ki67 index (High vs. Low) 1.2 0.5 2.7 0.735
MLR group (High vs. Low) 1.6 0.9 2.9 0.131
NLR group (High vs. Low) 1.5 0.8 2.7 0.193
PIV group (High vs. Low) 1.5 0.8 2.6 0.221
PLR group (High vs. Low) 1.3 0.7 2.3 0.429
SlI group (High vs. Low) 1.8 1.0 33 0.055
SIRI group (High vs. Low) 1.6 0.9 2.3 0.140

Logistic regression analysis was used and p < 0.05 considered significant.

ClI: confidence interval; OR: odds ratio; ER: estrogen receptor; PR: progesterone receptor; HER2: human epidermal growth factor receptor 2; MLR: monocyte/lymphocyte ratio;

NLR: neutrophil/lymphocyte ratio; PIV: pan-immune-inflammation-value; PLR: platelet/lymphocyte ratio; SlI: systemic immune-inflammation index, SIRI: systemic inflammation response
index.
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Table 4. Univariate and multivariate Cox regression analysis for OS and DFS

Variables Univariate analysis Multivariate analysis
B SE p OR 95.0% Cl for OR B SE p OR 95.0% Cl for OR
Lower  Upper Lower  Upper
0s
MLR -0.18 0.14 0.177 0.83 0.64 1.09 -0.23 0.18 0.200 0.80 0.56 1.13
NLR -0.09 0.13 0.518 0.92 0.71 1.19 -0.23 0.19 0.224 0.79 0.55 1.15
PIV 0.04 0.13 0.783 1.04 0.80 1.35 0.09 0.23 0.700 1.09 0.70 1.71
PLR -0.10 0.13 0.468 0.91 0.70 1.18 -0.14 0.18 0.435 0.87 0.60 1.24
Sl 0.12 0.14 0.401 112 0.86 1.47 0.35 0.21 0.095 1.42 0.94 2.16
SIRI -0.05 0.13 0.725 0.95 0.73 1.24 0.05 0.24 0.828 1.05 0.66 1.68
DFS
NLR -0.187  0.135 0.168 0.830  0.636 1.082  -0.189 0.174 0.276 0.828  0.589 1.163
MLR -0.051 0.134 0.705 0.951 0.732 1235  -0.174  0.191 0.363 0.840 0578 1.222
PLR 0.047  0.134 0.728 1.048  0.806 1.363 0.366  0.253 0.148 1.441 0.878 2.365
PIV -0.077  0.134 0.567 0926  0.712 1.206  -0.094 0.186 0.613 0910  0.633 1.310
Sl 0.148  0.138 0.282 1159  0.885 1.519 0.343  0.210 0.102 1.409 0934 2.126
SIRI -0.119  0.134 0.375 0.888  0.682 1155  -0.337  0.255 0.188 0.714  0.433 1.178

Cox Regression analysis was used and p < 0.05 considered significant. Cl: confidence interval; SE: standard error; DFS: disease-free survival; OS: overall survival; MLR: monocyte/
lymphocyte ratio; NLR: neutrophil/lymphocyte ratio; PIV: pan-immune-inflammation-value; PLR: platelet/lymphocyte ratio; SII: systemic immune-inflammation index; SIRI: systemic

inflammation response index; OR: odds radio.

indices could be used in univariate and multivariate
calculations for OS and DFS follow-up. It was deter-
mined that each index could not be used in the follow-
up of OS and DFS in the analyses performed alone
or in combination (p > 0.05). Detailed data are given
in table 4.

The low and high groups created in NLR, PLR,
MLR, NLR/PLR, SlI, SIRI, and PIV indices separately
in pCR and non-pCR groups were evaluated in terms
of OS, and DFS evaluation. However, no significant
discrimination was found in the mentioned indices (p
> 0.05). Detailed representation is available in figu-
ras 1 and 2.

Discussion

Our study evaluated NLR, PLR, MLR, NLR/PLR, SlI,
SIRI, and PIV indices regarding pCR, DFS, and OS in
breast cancer patients receiving NAC. In our study,
these indices failed to predict pCR, DFS and OS. This
finding is critical because our study underlines that
the parameters mentioned above are still contradic-
tory in deciding NAC in clinical use. As far as we can
see, none of the publications on this subject have
analyzed both pCR and prognosis together using the
above-mentioned indices simultaneously.

As a result of tumor-induced changes in the immune
system, inflammatory immune cells in the peripheral
blood may be affected’?. Lymphocytes in peripheral
blood are related to adaptive immunity. In addition,

lymphocytes may show anti-tumoral activity by inhibit-
ing tumor growth and progression. Platelets play an
essential role in the development and spread of can-
cer and in regulating inflammation. Neutrophils have
a central role in the systemic inflammatory response
and immunity. Neutrophils can also initiate metastasis
in breast cancer by secreting immunosuppressive
mediators and angiogenetic factors. Monocytes are
also associated with tumor angiogenesis and metas-
tasis®™. Theoretically, it can be said that each of the
mentioned indices or their combinations may be
related to pCR, DFS, and OS in breast cancer patients.
In the literature, an increasing number of publications
have examined the relationship between these indices
and breast cancer patients who will receive NAC.
Among these indices, NLR and PLR indices have
been analyzed most frequently for this purpose. How-
ever, studies have shown that NLR and PLR have
conflicting results in predicting pCR, DFS and OS in
breast cancer patients receiving NAC*®. With the idea
that more combined indices may be better predictors,
Graziano et al.® compared NLR and PLR values with
NLR/PLR combination. This study found that NLR and
PLR alone could not predict pCR, whereas there was
a significant relationship between NLR/PLR combina-
tion and pCR. In two other studies in the literature, it
was shown that NLR and PLR values were better in
indicating pCR when evaluated in combination rather
than when used alone®'. In these three studies,
NLR/PLR combination was found to be significant in
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Figure 1. Comparison of low and high overall survival times in rates and indices in pathologic complete response (pCR) and non-pCR groups.
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evaluating pCR in contrast to our study. Among these
three studies, only Kim et al.® analyzed the relation-
ship between prognosis and NLR/PLR combination
and found a significant relationship in contrast to our
study. However, there is a significant methodological
difference between the study of Kim et al.® and our
study regarding pCR evaluation, as we will mention
later. In addition, there are not enough publications on
NLR/PLR index in the literature yet. As far as we can
see, our article is the first study in the English litera-
ture showing that the NLR/PLR combination fails to
predict pCR and prognosis.

One of the other combined parameters is SIRI. In
SIRI calculation, monocytes are included in the cal-
culation in addition to NLR. First, Dong et al.”® ana-
lyzed the relationship between SIRI, and pCR.
According to this study, SIRI showed pCR to NAC
better than other indices (lymphocyte monocyte ratio,
absolute lymphocyte count, and NLR). However, this
study did not analyze DFS and OS. In the study of
Chen et al.”®, SIRI was significant in determining OS
and DFS in breast cancer patients receiving NAC.
However, no significant difference was found in terms
of pCR, similar to our study.

In Sll, another combined parameter, platelets, which
have an essential role in the development and spread
of breast cancer, are included in the calculation in
addition to NLR. In the study of Yang et al.'®, a signifi-
cant correlation was found between NLR, PLR, SlI,
and pCR. In contrast, in another study of Chen et al.”,
no significant correlation was found between Sll and
pCR as in our study. However, Chen et al.”” found that
patients with low Sl values had longer DFS and OS
rates.

Compared with individual blood cell parameters,
combined indices may more comprehensively identify
multiple components of antitumor immunity, each of
which may reflect and regulate different aspects
of antitumor immunity. For this purpose, in the study
of Sahin et al.”, the PIV index, which includes all the
parameters mentioned above (neutrophils, platelets,
monocytes, and lymphocytes), was used. Indeed,
supporting the theoretical knowledge, NLR, PLR,
MLR, and PIV successfully showed pCR in univariate
analysis. In contrast, only PIV, a more complex marker,
maintained its statistical value in multivariate analysis.
Furthermore, PIV was found to have a prognostic
effect on survival. This is important because it is the
first study in the literature to examine the relationship
between PIV value and response to NAC and survival

C. Karaali et al. Peripheral biomarkers in breast cancer

in breast cancer. However, contrary to this study, we
could not reach similar results in our study.

When considered together with our study, many fac-
tors can be counted to explain the contradictory
results of those mentioned above simple and complex
indices on pCR and prognosis in breast cancer
patients receiving NAC. Many factors can easily affect
inflammatory markers (lymphocytes, neutrophils,
platelets, and monocytes). For example, many factors
can easily affect inflammatory events, including con-
nective tissue diseases, medications used, bacterial
or viral diseases, nutritional status, severe stress, and
severe exercise®. In addition, breast cancers have the
least immunogenic type compared to other cancer
types?. In addition, TILs are less common in HR+ posi-
tive breast cancers compared to HR- breast can-
cers®. In other words, anticancer immunity is not
dominant in hormone receptor-positive breast can-
cers. Therefore, it is thought that absolute lymph
count is not a good predictor in HR+ breast cancers
compared to HR- breast cancers'. Lymphocyte count
is included in the denominator of calculations in all
indices we investigated and, therefore, affects all cal-
culations. Finally, it is thought that lymphocytic infiltra-
tion in the tumor microenvironment is not sufficiently
reflected in peripheral blood cells?. All the factors
mentioned above give us a clue to explain the conflict-
ing data on these indices.

One of the reasons for the conflicting reports on
these indices is the methodological difference between
studies. There are differences in the definition of pCR
in the literature. Miller-Payne (MP) classification was
used in some publications. In this classification, unlike
the RCB classification, the axilla is not evaluated, and
only the response in the breast is considered. In other
words, a patient with a complete response to the
tumor in the breast is considered to have a complete
response even if tumors are detected in the LNs. In
addition, in some of the studies using the MP classi-
fication, both MP 4 (> 90% response to NAC) and MP
5 (no tumor cells) were included in the group of
patients who responded to NAC. However, it is known
that the survival time of patients with pCR is higher
than those with residual cancer?'. For example, in the
studies of Kim et al.® evaluating NLR/PLR combination
and in two separate studies of Chen et al. evaluating
SIRI" and Sl clinical response was evaluated as
MP 4-5. In contrast to these studies, RCB was used
in two other studies evaluating NLR/PLR combina-
tion®'4 SIRI by Dong et al.®®, NLR, PLR, and Sl by
Yang et al'®, and PIV index by Sahin et al’.
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This confusion in the evaluation of pathological
response may have caused contradictions in the cor-
rect evaluation of the indices. However, to use a stan-
dard criterion in the literature and make comparisons,
it would be more accurate to use RCB when investi-
gating pCR as in our study?.

Although there are publications examining the rela-
tionship of these indices with pCR and prognosis,
there are very few comments on how their clinical use
will be in routine practice. Therefore, we would like to
discuss a topic that has not been emphasized in the
literature. In the recently updated NCCN guidelines,
patients with clinically node negative or clinically non-
palpable lymph but with up to two positive LNs by
imaging or biopsy may undergo SLNB if NAC was not
performed. However, in breast cancer patients who
receive NAC, AD is performed if there is a clinically
positive LN after NAC or a positive sentinel LN (micro
or macrometastasis)®. In this case, in patients with low
axillary LN metastasis in whom NAC is not considered
(especially in HR+, HER2- tumors), giving NAC by
relying on the indices listed above may lead to some
problems. The most important of these problems will
arise if the patient’s axilla does not respond fully to
NAC. A patient with a low axillary tumor burden who
would not usually be given NAC can typically be satis-
fied with SLNB. In contrast, AD will be necessary in
the patient receiving NAC, even if micrometastases
are found on SLNB. In this case, overtreatment will
be applied to the patient’s axilla. In addition, since the
methods used to reduce false negativity during SLNB
application in the patient receiving NAC are techni-
cally more complex, we argue that the decision of
NAC in patients with breast cancer should not be
based on the mentioned indices.

Our study has limitations: a small number of patients,
single-center experience, and retrospective nature.

Conclusion

Our study did not find a significant relationship
between NLR, PLR, MLR, NLR/PLR, SlI, SIRI, and
PIV indices and pCR, DFS, and OS in breast cancer
patients who received NAC. In our opinion, the deci-
sion to apply NAC to the patient should still be made
according to the molecular subtypes of the breast
tumor. It should continue to be discussed in patient-
based multidisciplinary sessions. In addition, although
no correlation was found between the indices men-
tioned in our study and pCR, DFS, and OS, it would

be helpful to continue studies on this subject consider-
ing the advantages of these indices, such as easy
calculation and obtaining them from blood samples in
routine practice.
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Pelvic index/mesorectal length ratio: a new predictive factor for
rectal cancer prognosis and low anterior resection syndrome

Relacion indice pélvico/longitud mesorrectal: un nuevo factor predictivo para el
prondstico del cancer de recto y el sindrome de reseccion anterior baja
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Abstract

Objective: This study aimed to evaluate whether the pelvic index/mesorectal length (PI/ML) ratio is an effective factor in recur-
rence, anastomotic leakage, mesorectal excision status, and low anterior resection syndrome (LARS) development in rectal
cancer patients undergoing total mesorectal excision. Methods: A total of 47 patients who underwent surgery for rectal cancer
between January 2016 and December 2021 were included. Demographics, clinical data, and pre-operative Pl measurements
were recorded. Post-operative LARS was assessed using the LARS questionnaire in patients followed for at least 12 months.
Results: A significant association was found between PI/ML ratio and tumor recurrence (p < 0.0001). Receiver operating
characteristic analysis identified a cutoff value of PI/ML < 1.6 for predicting tumor recurrence, with 100% sensitivity and 84.6%
specificity. After applying Bonferroni correction for multiple comparisons (n = 4, adjusted significance threshold p < 0.0125),
this association remained statistically significant. The association between PI/ML ratio and anastomotic leakage (cutoff < 2.15;
sensitivity 100%, specificity 53.7%) showed marginal significance (p = 0.009). No significant association was found between
PI/ML ratio and LARS or mesorectal excision status after correction. Conclusions: PI/ML ratio appears to be a useful predic-
tor for tumor recurrence and may help identify patients at risk for anastomotic leakage in rectal cancer surgery. However, this
ratio was not significantly associated with the development of LARS. Further research with larger cohorts is needed to validate
these findings and clarify the potential prognostic value of the ratio.

Keywords: Rectal cancer. Pelvic index. Low anterior resection syndrome. Total mesorectal excision.
Resumen

Objetivo: Evaluar si la relacion indice pélvico/longitud mesorrectal (IP/LM) es un factor predictivo eficaz en la recurrencia, la
fuga anastomdtica, el estado de la escision mesorrectal y el desarrollo de sindrome de reseccion anterior baja (SRAB) en
pacientes con cdncer de recto sometidos a escision mesorrectal total. Métodos: Se incluyeron 47 pacientes sometidos a ciru-
gia por cancer rectal entre enero de 2016 y diciembre de 2021. Se registraron caracteristicas demogrdficas, datos clinicos y
mediciones preoperatorias del indice pélvico. El SRAB posoperatorio se evalué mediante un cuestionario en pacientes con un
seguimiento minimo de 12 meses. Resultados: Se encontrd una asociacion significativa entre la relacion IP/LM y la recurren-
cia tumoral (p < 0.0001). El andlisis de la curva ROC identificé un valor de corte de IP/LM < 1.6 para predecir la recurrencia
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tumoral, con una sensibilidad del 100% y una especificidad del 84.6%. Tras aplicar la correccion de Bonferroni para compara-
ciones muiltiples (n = 4, umbral de significacion ajustado p < 0.0125), esta asociacion siguid siendo estadisticamente significa-
tiva. La asociacion entre la relacion IP/LM y la fuga anastomdtica (valor de corte < 2.15; sensibilidad 100%, especificidad 53.7%)
mostré una significacion marginal (p = 0.009). No se encontrd ninguna asociacion significativa entre la relacion IP/LM y el SRAB,
ni con el estado de la escision mesorrectal tras la correccion. Conclusiones: La relacion IP/LM parece ser un predictor util
para la recurrencia tumoral y podria ayudar a identificar a los pacientes con riesgo de fuga anastomdtica en la cirugia de can-
cer de recto. Sin embargo, esta relacion no se asocio significativamente con el desarrollo de SRAB. Se necesitan mds estudios
con cohortes mas grandes para validar estos hallazgos y aclarar el potencial valor prondstico de esta relacion.

Palabras clave: Céncer rectal. Indice pélvico. Sindrome de reseccion anterior baja (SRAB). Escision mesorrectal total.

|ntroduction

Colorectal cancer (CRC) remains a major health
problem worldwide and is the third leading cause of
cancer-related death. Recent data indicate that rectal
cancer accounts for nearly 39% of all CRC cases and
contributes substantially to morbidity and mortality™2.
A narrow pelvis and difficult pelvic anatomy are con-
sidered to be important risk factors for rectal cancer
surgery?. Different angles and strictures in the pelvis
can lead to the possibility of difficult and incomplete
resection. Although the length of the mesorectum may
appear relatively short or long on the pathology slides,
depending on an individual’s pelvic anatomy, patho-
logical evaluation can provide significant insights'2.

Appropriate oncologic resection is critical in the sur-
gical treatment of rectal cancer, with total mesorectal
excision (TME) becoming the gold standard?. How-
ever, even with modern techniques, post-operative
functional disorders such as low anterior resection
syndrome (LARS) remain significant complications,
occurring in up to 50-80% of patients®**. LARS encom-
passes symptoms such as fecal urgency, inconti-
nence, and frequent bowel movements, significantly
impacting quality of life**.

Recent meta-analyses and multicenter trials have
identified important risk factors for LARS, including
low tumor height, low anastomotic height, neoadjuvant
therapy, anastomotic leakage, and protective sto-
mas*5. Furthermore, new surgical approaches such
as transanal TME have shown promise in reducing
conversion rates and potentially improving functional
outcomes, although concerns about specific compli-
cations and local recurrence remain®.

The basic pathophysiology of LARS involves a
combination of colonic motility disorder, neo-rectal
reservoir dysfunction, and impaired anal sphincter
function. Dysfunction after rectal resection leads to
LARS symptoms due to denervation, decreased

functional capacity, and hypogastric plexus injury.
Therefore, the pelvic angle and the size of the resected
pathologic lesion are among the determining factors
for the development of LARS"®,

In rectal cancer surgery, new markers are needed
to predict the patient’s prognosis, and studies on this
topic are ongoing. In this context, pelvimetric mea-
surements have increasingly been explored as poten-
tial predictors of surgical outcomes. Therefore, in our
study, we calculated the pelvic index (PI) value based
on the pre-operative tomography images of the
patients. In addition, we recorded the mesorectal
length (ML) and complete/incomplete mesorectal exci-
sion data from the pathological reports of rectal can-
cer. By calculating the “Pelvic Index/Mesorectal
Length (PI/ML) Ratio” using pelvimetric measure-
ments, we aimed to contribute to the literature by
investigating the relationship between this ratio and
factors that influence the prognosis of rectal cancer
surgery and the development of LARS. We hypothe-
size that a lower PI/ML ratio is an independent predic-
tor of an increased risk of anastomotic leakage, tumor
recurrence, and the development of LARS in patients
undergoing TME for rectal cancer.

Methods
Study design and participants

In this retrospective observational study, patients
who underwent surgery for rectal cancer in the General
Surgery Clinic of Istanbul Training and Research. Hos-
pital between January 2016 and December 2021 were
analyzed. Patients who could not undergo curative sur-
gery, whose clinical data could not be reached in the
post-operative period, or who could not participate in
the LARS questionnaire (or who had not completed
1 year postoperatively) were excluded from the study.
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D
PI =100 x

Distance between spina ischialis (cm) — Mesorectum diameter (cm)

Depth of small pelvis (cm)

Figure 1. Magnetic resonance imaging measurements and schematic diagram for calculation of the pelvic index (Pl) in rectal cancer patients.
A: sagittal plane image showing the pelvic inlet width (a) measured as the transverse diameter of the pelvic brim, the depth of cavity of the lesser
pelvis (b) the length measured between the middle point of line “a,” and the mesorectal thickness (d). B: axial plane image showing the mesorec-
tal diameter (c) measured at the point of maximum width, transverse rectal diameter (e), and longitudinal rectal diameter (f). C: axial plane image
illustrating the interspinous distance defined as the narrowest distance between the ischial spines (g). D: schematic diagram demonstrating the
formula used for calculating the pelvic index using the distance between the spina ischialis, the diameter of the mesorectum in the axial plane,

and the depth of the small pelvis.

A priori power analysis was performed using G*Power
(Heinrich Heine University Disseldorf, Germany). For
detecting differences between two independent means
(two-tailed t-test), an effect size (Cohen’s d) of 1.64 was
assumed, with an alpha level of 0.05 and statistical
power set at 95%. The effect size was estimated based
on preliminary analyses of institutional data, which dem-
onstrated substantial differences in pelvic measure-
ments between patient groups. Similar large effect sizes
have also been reported in previous studies investigat-
ing pelvic anatomy and surgical outcomes in rectal can-
cer. The analysis indicated that a total sample size of
22 patients (11/group) would be sufficient. As our study
included 47 patients, the sample size was deemed ade-
quately powered for the analyses conducted.

Data collection
DEMOGRAPHIC AND CLINICAL DATA

Demographic data, operative data, pathology
reports, and radiologic imaging were analyzed. Clini-
cal files of the patients were scanned, and demo-

graphic data, as well as recurrence and anastomotic
leakage status, were recorded.

PRE-OPERATIVE IMAGING AND Pl MEASUREMENT

All PI measurements were performed by a single
experienced radiologist to ensure consistency (Fig. 1).

Interobserver variability was not assessed in this
study, which represents a limitation. In the pre-oper-
ative period, tomography images taken within 1 week
before surgery were evaluated by a radiologist, and
the Pl was calculated using the following formula pre-
sented in figure 1°.

PATHOLOGIC EVALUATION

We obtained the mesorectal length (ML) data from
the pathologic slide reports.

LARS score

The LARS questionnaire was administered via tele-
phone to patients with at least 12 months of post-
operative follow-up. According to the results of the
questionnaire, patients were classified as follows:

— No LARS: 0-20 points
Minor LARS: 21-29 points
— Major LARS: 30-49 points
We evaluated patients in two groups: those with
LARS (minor + major) and patients without
LARS!,

Ethical approval

The study was initiated with the approval of decision
number 391 from the Ethics Committee of Istanbul



Training and Research Hospital on December 23,
2022. This was a retrospective observational study
and was not registered in a public trials registry, as
registration is not required for retrospective studies
under current regulations.

Results

The study was conducted with a total of 47 patients,
21 (44.7%) females and 26 (55.3%) males. The mean
age was 62.1 + 9.8 years (range: 37-86), and body
mass index (BMI) was 26.6 + 4.9 kg/m? (Table 1). The
number of patients who received neoadjuvant chemo-
radiotherapy in our case series was 33 (70.2%),
whereas the number of patients who did not receive
neoadjuvant chemoradiotherapy was 14 (29.8%).

We observed an anastomotic leakage in 12.8% of
patients (six cases) and detected recurrent tumoral
lesions in 17% (eight cases). In the evaluation of meso-
rectal excision in pathologic slides, we found incomplete
mesorectal excision in 36.2% (17 cases) and complete
mesorectal excision in 63.8% (30 cases) (Table 1).

In terms of tumor localization, 29 (61.7%) patients
had tumor localization in the proximal rectum, 13 (27.7%)
in the middle rectum, and 5 (10.6%) in the distal rectum.
In terms of surgical method, laparoscopic surgery was
performed in 33 cases, and loop ileostomy was per-
formed in 21 of them. Conventional surgery was per-
formed in 13 cases, and loop ileostomy was performed
in addition to resection in nine of them. When the stage
distribution was analyzed in our study, the most com-
mon stage was E3b with 26 cases (54.6%), and at least
1 case (2.1%) was the E3c stage (Table 1).

Twenty patients (42.6%) showed LARS findings, and
the mean LARS score was 171 + 13.1. The mean
interspinous distance was 11.3 + 1.2 cm, the radio-
logic diameter of the mesorectum was 7.83 = 1.05 cm,
and the depth of the small pelvic cavity was 9.64 +
1.2 cm. The mean Pl value was calculated as 36.7 +
12.5 cm. The average pathologic mesorectal length
was 16.8 + 4.2 cm, and the ratio of Pl to mesorectal
length was 2.4 + 1.3 (Table 1).

The mean BMI of the female group was 28.5 + 5.2
and 25.0 + 4.0 in the male group (Table 2). The mean
BMI of the female group was higher than that of the
male group, and this difference was statistically sig-
nificant and was found to have a large effect size
(Cohen’s d = 0.758, 95% confidence interval
[Cl] = -1.350--0.158, p = 0.013).

The mean PI/ML was 2.6 + 1.3 in the female group
and 2.2 + 1.3 in the male group. There was no
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Table 1. Demographic, clinical, pathological, and treatment
characteristics of patients undergoing total mesorectal excision
for rectal cancer

Parameters Mean = SD or n (%)
Age (years) 62.1+98
Sex, n (%) Male: 26 (55.3)

Female: 21 (44.7)
BMI (kg/m?) 26.6+4.9

Tumor location, n (%) Proximal: 29 (61.7)
Middle rectum: 13 (27.7)

Distal: 5 (10.6)

Pathological stage (pTNM), n (%) Stage |: 6 (12.8)

Stage II: 3 (6.4)
Stage Ill: 36 (76.6)
Stage IV: 2 (4.3)
Neoadjuvant radiotherapy, n (%) 33(70.2)
Complete mesorectal excision, n (%) 30 (63.8)
Anastomotic leakage, n (%) 6(12.8)
Tumor recurrence, n (%) 8(17.0)
LARS
n (%) 20 (42.6)
Mean score 17.1 £ 131
Interspinous distance (cm) 113+12
Mesorectum radiologic diameter (cm) 7.83+1.05
Depth of small pelvic cavity (cm) 96412
Pl (cm) 36.7 £ 125
Pathologic mesorectal length (cm) 168 +4.2
PI/ML (cm) 24+13

LARS: low anterior resection syndrome; PI/ML: pelvic index/mesorectal length;
BMI: body/mass index, SD: standard deviation.

Table 2. Comparison of age, BMI, PI/ML ratio, and tumor
localization between male and female patients

Parameters Mean = SD Effect size p
(95% Cl)
Female Male
Age 61.4+10.7 626+91 0.12(-0.46-0.70) 0.683
BMI 28552 250+40 -0.76(-1.35-0.16) 0.013
PI/ML (cm) 26+13 22+13 -0.28(-0.86-0.30) 0.339

PI/ML: pelvic index/mesorectal length; BMI: body/mass index, SD: standard deviation,
95% Cl: confidence interval.

statistically significant difference between the sexes
in terms of PI/ML (p > 0.05) (Table 2).

To correct for multiple comparisons (n = 4), we
applied a Bonferroni correction, setting the
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Table 3. ROC analysis results for predicting anastomotic leakage, tumor recurrence, complete mesorectal excision, and LARS based

on the PI/ML ratio

Parameters AUC = SD Cutoff Sensitivity Specificity 95% CI p
Anastomotic leakage 0.833 £ 0.079 <215 100 53.7 0.679-0.988 0.009
Recurrence 0.929 + 0.037 <16 100 84.6 0.858-1.000 0.00001
Complete mesorectal excision 0.520 + 0.093 > 1.64 73.3 41.2 0.338-0.701 0.825
LARS 0.589 +0.088 <1.90 55 66.6 0.436-0.730 0.315

PI/ML: pelvic index/mesorectal length; LARS: low anterior resection syndrome; AUC: area under the curve; SD: standard deviation; Cl: confidence interval; ROC: receiver operating characteristic.

Table 4. Comparison of demographic and clinical characteristics between patients with and without LARS

Parameters No. LARS (n =27) LARS present (n = 20) 0dd ratio/effect size (95% Cl) p
Gender, n (%) 0.40 (0.12-1.35)* 0.394
Male 13 (48.1) 13 (65.0)
Female 14 (51.9) 7(35.0)
Age, X + SD 61.67 + 10.1 62.65+95 0.01 (-0.57-0.60)* 0.957
BMI, X £ SD 2477+ 34 28.02+5.3 0.46 (-0.13-1.05)** 0.035
Mesorectal excision, n (%) 0.20 (0.06-0.72) 0.045
Complete 21(77.8) 9 (45.0)
Incomplete 6 (22.2) 11 (55.0)
Pl X+ 8D 38+ 13 35+12 -0.27 (-0.85-0.32) 0.241
Mesorectal length (ML), X £ SD 16.50 + 3.79 18.41 £ 4.15 0.44 (-0.16-1.02)** 0.140
PI/ML, X + SD 2.4 £ 1 18+ 1 0.34 (0.02-0.25)* 0.040
*0dd ratio.

**Effect size (Cohen’s d).

BMI: body mass index; X + SD: mean + standard deviation; PI/ML: pelvic index/mesorectal length ratio; LARS: low anterior resection syndrome.

significance threshold at p < 0.0125. Under this cor-
rection, the relationship between recurrence and Pl/
ML  remained  statistically  significant  (p
= 0.00001 < 0.0125), and the association between
anastomotic leakage and PI/ML was marginally
retained (p = 0.009 < 0.0125). Associations with com-
plete mesorectal excision and LARS did not reach the
adjusted significance level (Table 3).

When the PI/ML cutoff value < 2.1 for anastomotic
leakage, sensitivity and specificity were 100% and
53.7%, respectively. There was a statistically signifi-
cant correlation between PI/ML and anastomotic leak-
age (p < 0.05) (Fig. 2A). We found the sensitivity and
specificity to be 100% and 84.6%, respectively, when
the PI/ML cutoff value was < 1.6 for recurrence. PIML
was found to be significantly associated with the
recurrence (p < 0.05) (Fig. 2B). Sensitivity and speci-
ficity were 73.3% and 41.2%, respectively, when the
PI/ML cutoff value was > 1.64. PI/ML was not statisti-
cally significantly associated with complete

mesorectal excision (p > 0.05) (Fig. 2C). Sensitivity
and specificity were found to be 55% and 66.6%,
respectively, when the cutoff value for PI/ML was <
1.90. We did not find a statistically significant correla-
tion between PI/ML and LARS (p > 0.05) (Fig. 2D and
Table 3).

Patients in our study were divided into two groups:
no LARS (0-20) and LARS (21-42 minor + major).
Demographic and clinical data are analyzed in table 4.
Twenty-seven patients had no LARS, and 20 patients
had LARS findings (minor + major). There was no
statistical significance between these groups in terms
of age and gender (p > 0.05). BMI was 28.02 + 5.3 in
the group with LARS findings and 24.77 + 3.4 in the
group without LARS, which has a moderate effect size
(p = 0.035; Cohen’s d = 0.462; 95% CI: -0.131-1.050).

While there was no statistical difference between the
LARS groups in terms of T, N, and Stage, no statistical
difference was observed in terms of tumor localization
(p > 0.05). There was no statistical significance between
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Figure 2. Receiver operating characteristic analyses of anastomotic leakage (A), recurrence (B), complete mesorectal excision (C), and low
anterior resection syndrome (D) according to the pelvic index/mesorectal lenght ratio.

the Pl and ML between the groups according to the pres-
ence of LARS. The PI/ML ratio was found to be higher
in individuals without LARS than in individuals with
LARS. This difference had a small effect size (p = 0.040;
Cohen’s d = 0.336; 95% ClI: 0.020-0.253) (Table 4).

Incomplete mesorectal excision was reported in
11 cases (55%) with LARS, whereas complete meso-
rectal excision was reported in 21 cases (77.8%) with-
out LARS (Table 4). Cases with complete excision
were 5.05 times less likely to develop LARS than
individuals without complete excision (p = 0.045;
OR = 0.198; 95% CI: 0.055-0.715).

In the correlation analysis between LARS score and
demographic and clinical data, no statistical signifi-
cance was observed in the correlation between age,
BMI, PI, ML, and PI/ML (Table 5).

Discussion

In our study, we investigated whether the PI/ML
ratio, derived from pre-operative pelvic measurements,
could predict surgical and oncological outcomes in
rectal cancer patients undergoing TME, which is criti-
cal for patient prognosis. After correcting for multiple
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Table 5. Correlation analysis between LARS scores and
continuous demographic and clinical variables

Parameters r p 95% CI
Lower Upper
Age -0.156 0.295 -0.431 0.146
BMI 0.198 0.182 -0.103 0.466
Pl -0.167 0.262 -0.441 0.135
ML 0.140 0.349 -0.162 0.418
PI/ML -0.160 0.284 -0.434 0.142

LARS: low anterior resection syndrome; BMI: body mass index; Cl: confidence intervals;
PI/ML: pelvic index/mesorectal length ratio.

comparisons using the Bonferroni method, we found
that the PI/ML ratio remained significantly associated
with tumor recurrence and showed a marginally sig-
nificant association with anastomotic leakage. How-
ever, the PI/ML ratio was not significantly associated
with the development of LARS.

The relationship between pelvic anatomy and surgi-
cal outcomes has been discussed in the literature™ 2.
Several studies have shown that a narrow pelvis and
difficult pelvic anatomy can lead to more challenging
resections, higher rates of incomplete excision, and
potentially higher recurrence rates™®'2, High-resolu-
tion magnetic resonance imaging studies have recently
provided more detailed insights, demonstrating that
pelvic dimensions and mesorectal involvement are
crucial factors for rectal cancer staging and surgical
planning. Narrow pelvic dimensions may complicate
surgical access and influence resection margins and
oncological outcomes’®. Our study’s findings regard-
ing PI/ML ratio align with these anatomical consider-
ations, suggesting that the PI/ML ratio might serve as
a quantitative reflection of pelvic complexity in rectal
cancer surgery.

In our series, we found a significant correlation between
PI/ML ratio and tumor recurrence. This supports the
hypothesis that pelvic anatomy, as reflected in pelvimet-
ric measurements, may influence oncological outcomes.
For tumor recurrence, a PI/ML cutoff value of < 1.6 was
identified, with high sensitivity and specificity. Our find-
ings suggest that pre-operative pelvic measurements
could assist in risk stratification for tumor recurrence in
rectal cancer patients. This finding is consistent with
recent imaging literature emphasizing how mesorectal
involvement and pelvic constraints may influence local
recurrence risk". However, Huang et al. found no

significant difference between radiologically measured
pelvic parameters and recurrence and mortality™.

A significant association was also observed between
the PI/ML ratio and anastomotic leakage. In patients
with a PI/ML ratio < 2.15, the sensitivity and specificity
for predicting anastomotic leakage were 100% and
53.7%, respectively. While pelvic anatomy has long
been recognized as an important factor in surgical
difficulty™', our study contributes quantitative data
supporting its association with post-operative compli-
cations. Accordingly, the PI/ML ratio can be used in
determining the surgical strategy and may be of clini-
cal benefit in applications such as controlling anasto-
motic tension and monitoring anastomotic viability.

Our findings regarding LARS differ from earlier
assumptions that pelvic anatomy directly predicts
functional outcomes. Although we observed a trend
toward lower PI/ML ratios in patients with LARS, this
did not reach statistical significance. This is in line
with a recent systematic review and meta-analysis,
which reported a pooled incidence of major LARS of
approximately 44%?8. Sun et al. highlighted that the
major risk factors for LARS include neoadjuvant radio-
therapy, low tumor height, low anastomotic level,
anastomotic leakage, and diverting stomas, rather
than purely anatomical parameters such as pelvic
dimensions. Thus, while pelvic anatomy may play a
role in surgical difficulty, its direct correlation with
post-operative functional disorders remains uncertain®.

Recent evidence suggests that BMI may influence
oncological outcomes in rectal cancer patients.
Although BMI was not independently associated with
the PI/ML ratio in our cohort, the post-operative LARS
rate in patients with high BMI was statistically signifi-
cant in our study. High BMI values cause an increase
in mesorectal adipose tissue thickness and increase
the technical difficulty of TME. This finding supports
the results of the study by Meng et al.. Liu et al.
demonstrated that lower BMI, particularly BMI
< 18.5 kg/m2, was significantly associated with poorer
overall and cancer-specific survival in patients under-
going neoadjuvant chemoradiotherapy followed by
TME™. This highlights that not only anatomical factors
but also patient-related biological characteristics may
contribute to prognosis in rectal cancer.

In the literature, Boyle et al. found that pelvic dimen-
sions vary by sex in healthy individuals. The antero-
posterior diameter of the mesorectum and the volume
of the fat area were evaluated radiologically, and it
was found that the mesorectal area was wider in men
and the anterior mesorectal fat was thinner in women'e.



In our study, there was no significant difference in PI/
ML between male and female patients, but BMI values
were higher in female patients compared to male
patients. These BMI differences could be relevant
when planning treatment, as higher BMI may influence
technical difficulty during surgery and post-operative
outcomes. However, our study did not find a direct link
between BMI and PI/ML ratio or post-operative com-
plications, possibly due to the limited sample size.

Our findings align with recent research highlighting
the role of pelvic anatomy in rectal cancer surgery.
A study by Aparicio-Lopez et al. found that specific
pelvimetric measurements correlated significantly with
surgical difficulty and post-operative complications,
including anastomotic leakage and conversion rates
during rectal cancer surgery™. Similarly, another review
emphasized that variations in pelvic anatomy may influ-
ence not only technical aspects of TME but also func-
tional outcomes such as LARS™. These reports support
the potential clinical utility of anatomical indices such
as the PI/ML ratio as prognostic tools for surgical plan-
ning and risk stratification in rectal cancer.

Our study has several limitations that should be
acknowledged. First, it was a retrospective study con-
ducted at a single center, which may introduce selec-
tion bias and limit the generalizability of the findings.
Second, the sample size was relatively small, poten-
tially reducing the statistical power to detect associa-
tions, especially regarding LARS outcomes. This
sample size, though reflective of all eligible patients
during the study period, may be underpowered to
detect smaller effect sizes, particularly for outcomes
such as LARS. Third, the assessment of LARS was
performed via telephone interviews rather than in-
person evaluations, which could introduce recall
bias or variability in patient responses. Additionally,
we did not assess interobserver variability for Pl mea-
surements, which may affect the reproducibility of our
findings. Despite these limitations, our study provides
valuable preliminary evidence on the potential role of
PI/ML ratio in predicting oncological and surgical out-
comes in rectal cancer patients. Future prospective
multicenter studies with larger patient cohorts are
needed to validate and expand upon these findings.

Conclusions

In our study, we found that the PI/ML ratio was sig-
nificantly associated with anastomotic leakage and
tumor recurrence in patients undergoing TME for rec-
tal cancer. Specifically, lower PI/ML ratios were
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predictive of higher risk for both anastomotic leakage
and tumor recurrence, with high sensitivity and mod-
erate to high specificity. However, we did not observe
a statistically significant association between the PI/
ML ratio and complete mesorectal excision status or
the development of LARS. Although patients with
LARS had lower mean PI/ML ratios, this difference did
not reach statistical significance in our analysis.

These findings suggest that pre-operative pelvic
measurements and the PI/ML ratio could be useful for
predicting certain oncological and surgical outcomes,
such as anastomotic leakage and recurrence risk.
Further research with larger cohorts is warranted to
validate these findings and explore the potential of PI/
ML as a prognostic tool in rectal cancer surgery.
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Association of NRF-2 changes in plasma and pericardial fluid
with renal injury in patients undergoing cardiac surgery

Asociacion de los cambios de NRF-2 en plasma y liquido pericardico con lesion renal
en pacientes sometidos a cirugia cardiaca
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Abstract

Objective: This study was conducted to investigate the levels of nuclear factor (erythroid derivative 2)-like 2 (NRF-2), kidney injury
molecule 1 (KIM-1), and heme oxygenase-1 (HO-1) in pericardial fluid (PF) and systemic circulation of patients undergoing cardiac
surgery. Methods: This study included 40 patients undergoing cardiac surgery and 40 healthy individuals. PF and venous blood
samples were obtained from the patients and renal function tests, HO-1, KIM-1, NRF-2, antioxidant, and oxidative stress param-
eters were studied. Results: A statistically significant difference was found in the NRF-2, KIM-1, HO-1, total antioxidant status,
total oxidant status, and oxidative stress index measurements in the plasma of the patient and control groups and in the PF of the
patients (p < 0.01). Compared to the control group, NRF-2, KIM-1, and HO-1 were found to be lower in the patient’s plasma and
PF. In the patient group, NRF-2, KIM-1, HO-1, and KIM-1 were higher in PF compared to plasma. Conclusions: In the future,
intrapericardial drug administration may improve cardiac function and prevent the adverse cardiorenal syndrome on the kidney.

Keywords: Kidney damage. Nuclear factor (erythroid derivative 2)-like 2. Kidney injury molecule 1. Heme oxygenase-1.
Cardiopulmonary bypass. Cardiac surgery.

Resumen

Objetivo: Investigar los niveles del factor nuclear (derivado eritroide 2) similar 2 (NRF-2), la molécula de lesion renal 1 (KIM-
1) y la hemooxigenasa 1 (HO-1) en el liquido pericardico y en la circulacion sistémica de pacientes sometidos a cirugia car-
diaca. Métodos: En este estudio participaron 40 pacientes sometidos a cirugia cardiaca y 40 individuos sanos. Se obtuvieron
muestras de liquido pericardico y sangre venosa de los pacientes y se estudiaron las pruebas de funcion renal, HO-1, KIM-1,
NRF-2 y los parametros antioxidantes y de estrés oxidativo. Resultados: Se encontré una diferencia estadisticamente sig-
nificativa en las mediciones de NRF-2, KIM-1, HO-1, estado antioxidante total (TAS), estado oxidante total (TOS) e indice de
estrés oxidativo (OSl) en el plasma entre los grupos de pacientes y de sujetos control, y en el liquido pericardico de los
pacientes (p < 0.01). En comparacidn con el grupo de control, se observo que NRF-2, KIM-1 y HO-1 eran mds bajos en el
plasma y en el liquido pericardico de los pacientes. En el grupo de pacientes, NRF-2, KIM-1 HO-1 y KIM-1 eran mas elevados
en el liquido pericdrdico que en el plasma. Conclusiones: En el futuro, la administracion intrapericardica de farmacos puede
mejorar la funcion cardiaca y prevenir el sindrome cardiorrenal adverso sobre el rifion.

Palabras clave: Dafio renal. NRF-2. KIM-1. HO-1. Bypass cardiopulmonar. Cirugia cardiaca.
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Many organs, especially the heart and kidney, are
affected in cardiopulmonary bypass (CPB), which
allows cardiovascular surgery to be performed. Many
molecules are secreted from the organs affected by
this condition. Many of these secreted molecules can
provide important information about the relevant organ
or disease by showing biomarker properties. Recently,
apart from classical kidney biomarkers such as urea,
uric acid, and creatinine, such as nuclear factor (ery-
throid derived 2)-like 2 (NRF-2), kidney damage mol-
ecule 1 (KIM-1), and heme oxygenase-1 (HO-1) new
biomarkers have been discovered.

NRF-2 is an important protein that regulates the
expression of antioxidant proteins that protect against
oxidative damage triggered by injury and inflamma-
tion'. As long as it is not exposed to reactive oxygen
species, NRF-2, which is degraded, passes to the
nucleus without being degraded under oxidative stress,
binds to DNA and initiates the transcription of antioxi-
dative genes?3. NRF-2, which provides the stimulation
of many cytoprotective proteins, is found in the kidney,
as well as in the muscle, lung, heart, liver, and brain*®.

HO-1, an enzyme synthesized in renal tubular cells,
has cell protective, anti-inflammatory, and antioxidant
properties and is synthesized in response to oxidative
stress®. HO-1, whose transcriptional regulation is
dependent on NRF-2, plays a role in many diseases
related to endoplasmic reticulum stress, such as car-
diovascular and metabolic diseases™®.

In some studies, kidney injury molecule 1 (KIM-1)
was found to be significantly higher in patients who
developed kidney damage (KD) after cardiac surgery®.
In damaged kidney cells, KIM-1 functions as a receptor
controlling apoptotic cell phagocytosis™. After studies
on KD, the American Food and Drug Administration
and the European Medicines Agency approved KIM-1,
one of the seven new biomarkers to be used for the
detection of nephrotoxicity". Many studies have sup-
ported that KIM-1 is a useful biomarker for the early
detection and diagnosis of complications after cardiac
surgery and KD caused by ischemia™.

Although these biomarkers such as NRF-2, KIM-1,
and HO-1 were investigated in human plasma, they
were not investigated in pericardial fluid (PF). PF has
an important place in cardiovascular research due to
its anatomical proximity to cardiac tissue and rich
content'®. Changes in molecular markers in PF show
strong correlations with many structural and functional

parameters as well as cardiac pathophysiologies. The
pericardial environment is both a potential diagnostic
biomarker pool and an important location for future
treatment and interventions. Due to the lack of data
on the physiological composition of PF in studies con-
ducted to date, its clinical use has been limited™.

In our study on the change of these biomarkers,
which provide valuable information in the early detec-
tion of KD, during CPB, the level of the relevant
parameters in the plasma was monitored and informa-
tion was obtained about the level in PF.

Methods
Ethical committee approval

The present study was approved by the local ethics
committee (Approval number: 29.06.2020-20.12.26).

Patients included in the study

This study was conducted in accordance with the Hel-
sinki Declaration, which was revised in 1989. Forty
patients who underwent cardiac surgery with CPB method
and 40 healthy individuals as control group were included
in this study. PF and venous blood samples were obtained
from the patients included in the study. Only venous blood
samples were taken from the control group.

Obtaining PF

After median sternotomy was performed with stan-
dard CPB procedures in patients who underwent car-
diac surgery with the CPB method, the pericardium
was opened and PF aspiration was provided with a
sterile syringe. The aspirated PF (5-20 mL) was then
taken into sterile tubes without anticoagulant, and the
sterile tube was immediately transferred into an ice-
filled container. Then, the PF in a sterile tube deliv-
ered to the laboratory with an ice-filled container was
centrifuged at + 4°C at 5000 rpm for 5 min, and the
supernatant was taken into an RNase-free tube (epen-
dorf tube) and stored at -80°C to be studied.

Obtaining blood plasma

In patients who underwent cardiac surgery with the
CPB method, blood was drawn before, during and
after CPB and put into sterile tubes with anticoagulant
(heparin). The tube from which blood was drawn was



immediately transferred to an ice-filled container and
transported to the laboratory. The sterile tube was
then centrifuged at 5000 rpm for 5 min. After the cen-
trifugation step, the plasma, which is the supernatant
part, was taken into an RNase-free tube (ependorf
tube) and stored at -80 to be studied.

Biochemistry study in plasma of patient
group

Glucose, urea, albumin, alanine aminotransferase
(ALT), Na, creatinine, aspartate aminotransferase
(AST), direct bilirubin, gamma-glutamyl transferase
(GGT), calcium (Ca), and C-reactive protein (CRP) lev-
els were measured in the plasma of the patients
included in the study before the operation (preop),
after the termination of CBP and after the operation
(post-operative). Siemens Atellica autoanalyzer device
(USA, 2018) was used to measure these parameters.

Enzyme-linked immunosorbent assay
(ELISA) study in PF and plasma

PF anp pLasma NRF-2 ELISA stupy

Human NFE2L2 (Nuclear Factor, Erythroid Derived 2,
Like 2) ELISA Kit (Elabscience, USA, Catalog No: E-EL-
H1564) was used for NRF-2 ELISA study in PF and
Plasma. This kit used works according to the double-
antibody sandwich enzyme-linked immunosorbance
analysis to test the NRF-2 level in biological materials.
The sensitivity (sensitivity) of the kit is 0.10 ng/mL, and
the assay range (Detection Range) is 0.16-10 ng/mL.

PF anp pLasma HO-1 ELISA stupy

Human HO-1 ELISA Kit (Elabscience, USA, Cat. No:
E-EL-H2172) was used for HO-1 ELISA assay in PF
and plasma. This kit used works according to the
double-antibody sandwich enzyme-linked immunosor-
bance assay to test the HO-1 level in biological materi-
als. The sensitivity of the kit is 0.19 ng/mL, and the
assay range is 0.31-20 ng/mL.

Human KIM-1 ELISA stupy iIN PF AND PLASMA

Human KIM-1 ELISA Kit (Elabscience, USA, Cata-
log No: E-EL-H6029) was used for the KIM-1 ELISA
study in PF and plasma. This kit used works according
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to the double-antibody sandwich enzyme-linked
immunosorbance assay to test the level of KIM-1 in
biological materials. The sensitivity of the kit is
4.69 pg/mL, and the assay range (Detection Range)
is 7.81-500 pg/mL.

Measurement of antioxidant and OS
parameters in PF and plasma

ToTAL ANTIOXIDANT STATUS (TAS) MEASUREMENT

Measurement of (TAS in PF and plasma was per-
formed using Rel Assay Diagnostics total oxidant
capacity measurement kit (Rel Assay Diagnostics,
Lot. No: HN20106A, Turkey). Plasma TAS levels were
determined using a new automated measurement
method developed by Erel™.

TotAL oXiDANT STATUS (TOS) MEASUREMENT

Rel assay diagnostics total oxidant capacity mea-
surement kit (Rel Assay Diagnostics, Lot. No:
0OK201150, Turkey) was used for the measurement of
TOS in PF and plasma. Plasma TOS levels were
determined using a new automated measurement
method developed by Erel.

OxipATIVE STRESS INDEX (OSI) MEASUREMENT

OSI was calculated by dividing it as total oxidant
level (TOS)/total antioxidant and expressed as arbi-
trary unit (AU).

Statistical analysis

The Statistical Package for the Social Sciences
(SPSS) Windows version 24.0 (SPSS, Inc, Chicago,
USA) package program was used for statistical analy-
sis. The conformity of the data to the normal distribu-
tion was tested with the Shaphiro Wilk test.
Mann-Whitney U test was used for comparison of
numerical variables in two independent groups, one-
way analysis of variance and least significant differ-
ence multiple comparison tests were used for normally
distributed features, and Kruskal-Wallis test and all
pairwise multiple comparison test were used for non-
normally distributed features. As descriptive statistics,
mean + standard deviation for numerical variables,
number, and percentage values for categorical
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variables are given. p < 0.05 were considered statisti-
cally significant.

Results
Demographic data of the working group

Of the patients included in the study, 25 were male
and 15 were female, with a mean age of 62.58 (years),
height 160.11 (cm), weight 75.40 (kg), and body sur-
face area (BSA) 1.83 that it is calculated as (m?).

Biochemical results in plasma of patients

The results of biochemical examinations in the
plasma of the patients included in the study before the
operation (preop), after CBP and after the operation
(postop) are given in table 1.

ELISA results in PF and plasma

The results of the optical density reading at 450 nm
using commercial kits for the level determination of
HO-1, NRF-2, and KIM-1 in PF and plasma by ELISA
method and the results of OS parameters are given
in table 2.

Table 2 shows the statistical analysis of different
biochemical parameters in pre-operative, post-CBP,
and post-operative groups. According to this analysis,
glucose, urea, creatinine, albumin, ALT, AST, direct
bilirubin, GGT, Na, Ca, and CRP values were statisti-
cally significant (*p < 0.05, **p < 0.001).

Glucose value which was 170.23 before CPB was
201.30 after CPB and 177 post-operative (p < 0.05).
Urea value which was 37.22 before CPB was 42.07
after CPB and 47.41 post-operative (p < 0.01). Creati-
nine value was 0.91 before CPB, 0.98 after CPB and
1.17 post-operative (p < 0.01). Albumin value which
was 41.27 before CPB decreased to 29.43 after CPB
and increased to 31.22 postop (p < 0.01). While ALT
value was 21.26 before CPB, it became 25.89 after
CPB and 28.32 post-operative (p < 0.01). AST value
was 29.12 before CPB, 49.22 after CPB and 50.30
post-operative (p < 0.01). D. bilirubin value which was
0.2 before CPB was 0.15 after CPB and 0.26 post-
operative (p < 0.01). GGT value which was 27.58
before CPB decreased to 24 after CPB and increased
to 29.83 post-operative (p < 0.05). Na value, which
was 138.20 before CPB, became 141.78 after CPB
and 141.83 post-operative (p < 0.01). Ca value which

was 9.17 before CPB was 8.16 after CPB and 7.85
post-operative (p < 0.01). CRP value, which was 13.38
before CPB, was 25.4 after CPB and 132.21 post-
operative (p < 0.01) (Fig. 1).

As shown in Graph 1, when HO-1, NRF-2, KIM-1,
TAS, TOS, and OSI values in the plasma and PF of
the patients and the plasma of the control group were
compared, the highest HO-1 value was found in the
plasma of the control group, while the lowest HO-1
value was found in the plasma of the patients. The
highest NRF-2 value was found in the plasma of the
control group, while the lowest NRF-2 value was found
in the patient plasma. The highest KIM-1 value was
found in the plasma of the control group, while the
lowest KIM-1 value was found in the PF of the patients.
The highest TAS value was found in the plasma of the
control group, while the lowest TAS value was found
in the PF of the patients. The highest TOS value was
found in the PF of the patients, while the lowest TOS
value was found in the plasma of the control group.
The highest OSI value was found in the PF of the
patients, while the lowest OSI value was found in the
plasma of the control group.

These results were statistically significant
(p < 0.001). According to these results, HO-1, NRF-2,
KIM-1, and TAS values were lower in the plasma of
the patients compared to the plasma of the control
group, while TOS and OSI values were higher. When
the PF was compared with the plasma of the patients,
HO-1, NRF-2, TOS, and OSI values in the PF were
higher than the plasma of the patients, while KIM-1
and TAS values were lower. HO-1, NFR-2, KIM-1, and
TAS values were found to be lower in pericardium,
before CPB - plasma, during CPB - plasma and after
CPB-plasma compared to the control group. TOS
and OSI values were found to be higher in pericar-
dium, before CPB - plasma, during CPB - plasma and
after CPB-plasma compared to the control group.

According to table 3, there is a significant positive
relationship between HO-1 value and NRF-2, TOS,
and OSlI value. There is a significant positive relation-
ship between NRF-2 value and KIM-1, TOS, and OSI
value, and a significant negative relationship between
TAS value. There is a moderately significant negative
relationship between TAS value and TOS and OSI
value. There is a very highly significant positive rela-
tionship between TOS value and OSI value.

As shown in figure 2, the lowest HO-1 value in
patient plasma was found in Pump 1, while the highest
HO-1 value was found in Pump 3. The lowest NRF-2
value was found in Pump 1, while the highest NRF-2
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Table 1. Biochemical test results of the patients included in the study

Parameter Preop CPB After CPB Postop p
Plasma Mean = SS Mean = SS Mean = SS
Glucose (mmol/L) 170.23 + 70.33 201.3 £+ 47.78 177 + 41.43 0.013*
Urea (mg/dL) 37.22 £ 15.29 42.07 + 14.98 47.41 £ 19.5 0.004*
Creatinine (mg/dL) 0.91 +0.71 0.98 + 0.42 117 £0.72 0.003*
Albumin (g/dL) 41.27 + 4.95 2943 +5.8 31.22 + 5.21 0.001*
ALT (U/L) 2126 +12.18 25.89 + 13.88 28.32 + 11.63 0.007*
AST (birim/L) 29.12 + 20.11 49.22 + 28.17 50.3 + 24.34 0.001*
Total bilirubin (mg/dL) 0.55 + 0.31 0.7 +0.42 0.59 + 0.32 0.102
Direct bilirubin (mg/dL) 0.2 +0.09 0.15+0.1 0.26 + 0.14 0.001*
GGT (UL) 27.58 + 14,92 24 +13.81 29.83 + 13.31 0.043"
Na (mEg/L) 138.2+3.15 141.78 + 3.08 141.83 +4.29 0.001*
K (mEq/L) 4.35+0.35 4.46 + 0.46 4.27 £ 047 0.203
Ca (mEq/L) 9.17 £ 0.68 8.16 £ 0.71 7.85 +0.59 0.001*
CRP (mg/L) 13.38 £ 7.25 254 +£15.75 132.21 £ 78.59 0.001*
*Kruskal-Wallis Test.
*p < 0.05;*"p < 0.001.
ALT: alanine aminotransferase; AST: aspartate aminotransferase; CBP: cardiopulmonary bypass; GGT: gamma-glutamyl transferase; Na: sodium; K: potassium; Ca: calcium;
CRP: C-reactive protein.
Table 2. HO-1, NRF-2, KIM-1 ELISA results, and OS parameters in PF and plasma.
Parameter Control Pericardial Preop CPB After CPB Postop p
(Plasma) fluid (Plasma) (Plasma) (Plasma)
Mean = SS Mean = SS Mean + SS Mean = SS Mean + SS
HO-1 (ng/mL) 1.35+0.32 0.66 + 0.22 0.58 +0.16 0.72 £ 0.28 1.12 +0.51 0.000
NRF-2 (ng/mL) 563 + 1.26 0.85 +0.33 0.77 £ 0.24 4.07 £1.71 455 +1 0.000
KIM-1 (pg/mL) 31.54 +17.09 18.7 £9.92 26.11 + 14.8 27.69 + 13.81 30.66 + 19.12 0.001
TAS (Trolox equivalent/L) 1.57 £ 0.21 1.19+£0.35 1.45+0.17 1.34 £0.25 1.34 £0.19 0.000
TOS (umol H,0, Eqv./L) 10.79 + 1.99 17.78 £ 2.48 14.46 + 2.32 14.96 + 2.52 16.55 + 2.76 0.000
OSI (Arbitrary Unit (AU)) 0.71£0.19 1.69+0.8 1.05+0.25 1.1+0.24 1.28 +0.34 0.000

aKruskal-Wallis Test.
*p < 0.05; **p < 0.001.

HO-1: heme oxygenase-1; NRF-2: nuclear factor (erythroid derivative 2)-like 2; KIM-1: kidney injury molecule 1; TAS: total antioxidant status; TOS: total oxidant status; OSI: oxidative

stress index.

value was found in Pump 3. The lowest KIM-1 value
was in Pump 1, while the highest KIM-1 value was in
Pump 3. The highest TAS value was in Pump 1, while
the lowest TAS value was in Pump 3. The lowest TOS
value was in Pump 1, while the highest TOS value was
in Pump 3. The lowest OSI value was found in Pump
1, while the highest OSI value was found in Pump 3.

These results were statistically significant (p < 0.001).
According to these results, HO-1, NRF-2, KIM-1, TOS,
and OSI values increased and TAS value decreased
(p < 0.001).

There is a significant positive correlation between
HO-1 value and NRF-2, TOS, and OSI value. There
is a positive relationship between NRF-2 value and
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Table 3. Correlation of HO-1, NRF-2, KIM-1, TAS, TOS, and OSI
values in patients included in the study

Parameter HO-1 NRF-2 KIM-1 TAS TOS osl

HO-1

r 1.000 0.543* 0.104 -0.139 0.431** 0.375*
p 0.000 0.158 0.059 0.000  0.000
NRF-2

r 0.543** 1.000 0.172* -0.274** 0.508** 0.511**
p 0.000 0.020  0.000 0.000  0.000
KIM-1

r 0.104 0.172¢ 1.000 0.147 -0.083 -0.140
p 0.158  0.020 0.05 0.263  0.059
TAS

r 0.139 0.274* 0.147 1.000 -0.274** -0.740**
p 0.059 0.000 0.05 0.000  0.000
TOS

r -0.431** -0.508* -0.083 -0.274** 1.000 0.819**
p 0.000 0.000 0.263 0.000 0.000
oSl

r -0.375" -0.511** -0.140 -0.740* 0.819** 1.000
p 0.000 0.000 0.059 0.000 0.000

*p < 0.05

5 <0.01.

HO-1: heme oxygenase-1; NRF-2: nuclear factor (erythroid derivative 2)-like 2;
KIM-1: kidney injury molecule 1; TAS: total antioxidant status; TOS: total oxidant status;
OSI: oxidative stress index.

KIM-1, TOS, and OSI values, and a negative signifi-
cant relationship between TAS values. There is a
moderately significant negative correlation between
TAS value and TOS and OSl values. There is a highly
significant positive correlation between TOS value
and OSI value.

Discussion

One of the most important elements to be evaluated
during CPB is the follow-up of irreversible cell and
tissue damage. Before reaching this stage, the cell or
tissue synthesizes biomarkers that provide informa-
tion about its state. For example, in KD, NRF-2, HO-1,
and KIM-1 are activated and provide information about
the organ. Therefore, these parameters should be
monitored during CPB and measures should be taken
accordingly.

In our study, a positive correlation was found
between urea, creatinine, and CRP values in the
plasma of the patient group and HO-1, KIM-1, and
NRF-2 values. According to this result, CPB had a
negative effect on the kidneys and caused an increase
in urea, creatinine, CRP, HO-1, KIM-1, and NRF-2.
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Figure 1. Graphical display of heme oxygenase-1, nuclear factor (ery-
throid derivative 2)-like 2, kidney injury molecule 1, total antioxidant
status, total oxidant status, and oxidative stress index values in plasma
and pericardial fluid of patients and plasma of control group.
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Figure 2. Graphical representation of the changes in the heme oxy-
genase-1, nuclear factor (erythroid derivative 2)-like 2, kidney injury
molecule 1, total antioxidant status, total oxidant status and oxidative
stress index values in the plasma of the patients during before car-
diopulmonary bypass (CPB) - plasma, during CPB-plasma and after
CPB-plasma.

In the study conducted by Magyar et al., (2019) on
HO-1 and KD following cardiac surgical procedure
with CPB technique, an increase in HO-1 was observed
24 h after CBP in patients who developed acute kid-
ney injury (AKI)". In another study, it was reported that
AKI was associated with duration of CPB, hemolysis,
inflammation, and increased HO-1 concentrations in
patients after cardiac surgery™®. In a different study, it
was found that HO-1 reduces inflammation and oxida-
tive stress, and carbon monoxide, the product of HO-1
degradation, reduces KD caused by CPB™. In our
study, the HO-1 value, which was lower in plasma and
PF of the patients compared to the control group,
increased continuously during the CPB-pump
(p < 0.001). In our study, the HO-1 value was higher
in PF compared to the plasma of the same patient
(p < 0.001). The detection of HO-1 in PF supports the
view that PF is a plasma ultrafiltrate. In addition, the



detection of HO-1 in PF shows that this molecule is
not only synthesized by the kidney but also by the
heart tissue. A high HO-1 level during the CPB-pump
period indicates that the kidney functions are affected
and respond.

Some researchers believe that high KIM-1 levels
can be used as an early diagnostic indicator of AKI in
patients after cardiac surgery?® and correlate with
renal impairment?'. Neyra et al., in a study of KIM-1,
23 of 106 adult patients who underwent coronary
artery bypass graft (CABG) and valve surgery with
CPB developed KD. In these patients, urine KIM-1/
creatinine combination was found to be significantly
above the optimal threshold value with post-operative
KD?. The KIM-1 value, which was lower in plasma
and PF of the patients compared to the control group,
increased during the CPB process (p < 0.001). In our
study, KIM-1 value was lower in PF compared to the
plasma of the same patient (p < 0.001). The fact that
KIM-1 was lower in PF compared to plasma indicates
that this molecule is mostly synthesized in the
kidneys.

In our study, the NRF-2 value, which was lower in
plasma and PF of the patients compared to the control
group, increased continuously during the pump
(p < 0.001). In the same patient, NRF-2 value was
higher in PF than in plasma (p < 0.001). While a nega-
tive significant relationship was found between NRF-2
and TAS, a positive significant relationship was found
between TOS and OSI. NRF-2 value also increased
in parallel with increasing OS. In this respect, NRF-2
is similar to other studies in the literature. As can be
seen from the studies, promoting NRF-2-mediated
protection against OS and inflammation-induced dam-
age with different bioactive compounds may represent
new therapeutic strategies. In our study, the increase
of NRF-2 against the increased cellular stress and
inflammatory response due to CPB was parallel to
other studies in the literature.

Although NRF-2, HO-1, and KIM-1 provide important
information in KD, it would not be correct to evaluate
only these. Because the origin of the damage to the
kidneys during CPB is multifactorial. Although CPB is
the main factor in this damage, changes in hematocrit
and temperature, use of vasoactive and nephrotoxic
drugs, hemodynamic changes, and low cardiac output
also have negative effects on the kidneys. It is inter-
esting that some studies have reported that the inci-
dence of KD is similar during off-pump CABG and
on-pump CABGZ2. Therefore, the specific damage of
CPB to the kidneys has not been clarified. However,
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according to studies, KD in patients with normal pre-
operative renal function has a relatively low incidence
compared to patients with pre-operative dysfunction.
In addition, even in a patient with normal kidney func-
tion, the effect of the slightest physiological change in
the heart can be felt in the kidney due to the effect of
cardiorenal syndrome.

From the past to the present, different groups have
tried to find treatments that can protect the kidney
from damage during cardiac and non-cardiac surgery.
These solutions include the use of drugs such as
dopamine, furosemide, fenoldopan, atrial natriuretic
factor, sodium bicarbonate, n-acetyl cysteine, enoxim-
one, and dexmedetomidine. In addition, hypothermia
and normothermia applications with high or low hema-
tocrit during CPB are other applications to protect the
kidney. However, no clear treatment or method has
been found to date?.

A 2012 study used ulinastatin, a protease inhibitor
that can suppress the harmful effects of inflammatory
reactions and free radicals on kidney cells during CPB®.

As can be understood from these studies, promot-
ing NRF-2-mediated protection against OS and inflam-
mation-induced damage with different bioactive
compounds may represent new therapeutic strategies.
In our study, the high level of NRF-2 against increased
cellular stress and inflammatory response due to CPB
was in parallel with other studies in the literature. In
particular, the level of NRF-2 increased rapidly in
response to ischemia/reperfusion after cross-clamp-
ing of the aorta during CPB. This shows that NRF-2
responds rapidly to cellular reactions and is a diag-
nostically important parameter. It is important to follow
the NRF-2 level especially in the detection of BD that
may occur during CPB and to get support from the
nephrology clinic to make the necessary treatment
according to the level. During CPB, tissue perfusion
may also be impaired due to pump pressure and isch-
emia/reperfusion injury may occur especially in the
kidney due to insufficient blood supply. In such cases,
NRF-2 may protect the kidney from damage by sup-
porting antioxidant capacity.

Conclusions

In our study population, urea, creatinine, CRP, HO-1,
NRF-2, KIM-1, TOS, and OSI increased continuously
in correlation with each other during CPB and postop-
eratively. Compared to the plasma of the control
group, HO-1, NRF-2, KIM-1, and TAS were found to
be lower in the plasma of the patient group, while TOS
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and OSI were found to be higher. In the patient group,
HO-1, NRF-2, TOS, and OSI were higher in PF com-
pared to plasma, while KIM-1 and TAS values were
lower. It is important that all molecules in plasma were
detected in PF for the first time in the study, and this
supports the view that PF is a plasma ultrafiltrate. In
addition, we can say that KIM-1, which is lower in Pf
compared to plasma, is a molecule released mostly
by the kidneys.

In CPB, KD can be prevented or reduced with thera-
peutic strategies that reduce the adverse effects on the
kidneys. For this, it is important to develop and imple-
ment the most appropriate strategies that increase
NRF-2/HO-1 and decrease KIM-1 by following the rel-
evant parameters during CPB and postoperatively.

Two different terms can be used to describe the
pathophysiologic interaction between the heart and
kidney. The first one, cardiorenal, is used when car-
diac dysfunction causes renal dysfunction. The sec-
ond term, renocardiac, is used when renal dysfunction
causes cardiac dysfunction. Future studies may exam-
ine the relationship between cardiac and renal bio-
markers to determine whether the interaction between
the two organs is cardiac or renal (cardiorenal or
renocardiac).

The fact that PF was studied and compared with
plasma for the first time, that three important param-
eters such as HO-1, NRF-2, and KIM-1, which are
related to each other, were studied together and that
the data obtained were compatible with the clinic
made our study powerful.

Limitations

Our study has some limitations. This was a prospec-
tive study and included a limited number of patients. We
had limitations such as not being able to analyze NRF-2,
HO-1 and KIM-1 in healthy individuals because PF could
not be obtained from healthy individuals, not being able
to analyze the relevant parameters in urine due to bud-
get problems and not being able to perform gene expres-
sion studies. Our main aim in this study was to investigate
the prognostic value of NRF-2. Different designed stud-
ies on pathophysiologic processes are needed to eluci-
date the mechanisms underlying our findings.
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The effect of genetic amniocentesis on Doppler measurements
of utero-placental and feto-placental circulations

Efecto de la amniocentesis genética en las mediciones Doppler de las circulaciones
utero-placentaria y feto-placentaria

Nizamettin Bozbay*®, Ahmet Yanar®, Ayse C. Duymus®, Yasin Altekin®, Aybike Tazeglil-Pekin®,
and Gékgen Orgdil
Department of Perinatology, Selcuk University Faculty of Medicine, Konya, Turkey

Abstract

Objective: The objective of this study was to determine whether there is a change in feto-maternal circulation after amniocen-
tesis (AS) using Doppler ultrasonography. Methods: In this prospectively designed study, fetuses with singleton pregnancies
between 16 and 22 weeks of gestational age with an indication for invasive testing and a healthy AS result were included.
Twin pregnancies, fetuses with major anomalies as determined by ultrasound evaluation, and fetuses with chromosomal or
genetic diseases resulting from AS were excluded from the study. Results: A total of 73 patients who underwent AS accord-
ing to the risky screening result were included in the study. Fetal Doppler measurements were performed at three different
time periods. The parameters that were analyzed included the fetal umbilical artery, the ductus venosus, and the maternal right
and left uterine arteries. The analysis revealed no statistically significant differences between the measurements. Conclusions: /t
has been observed that AS, the most commonly used invasive diagnostic procedure in clinical practice, does not affect feto-
maternal circulation and fetal heart function.

Keywords: Amniocentesis. Doppler ultrasonography. Placental circulation.
Resumen

Objetivo: Determinar si existe un cambio en la circulacion feto-materna tras la amniocentesis mediante ultrasonografia Doppler.
Métodos: Estudio de disefio prospectivo en el que se incluyeron fetos de embarazos tnicos de entre 16 y 22 semanas de
edad gestacional con indicacion de pruebas invasivas y un resultado sano de la amniocentesis. Se excluyeron del estudio los
embarazos gemelares, los fetos con anomalias importantes determinadas mediante ecografia y los fetos con enfermedades
cromosdmicas o geneéticas derivadas de la amniocentesis. Resultados: Se incluyeron en el estudio 73 pacientes que se
sometieron a amniocentesis segun el resultado del cribado de riesgo. Se realizaron mediciones de Doppler fetal en tres
periodos de tiempo diferentes. Los parémetros analizados fueron la arteria umbilical fetal, el conducto venoso y las arterias
uterinas derecha e izquierda de la madre. El andlisis no revelo diferencias estadisticamente significativas entre las mediciones.
Conclusiones: Se ha observado que la amniocentesis, el procedimiento diagndstico invasivo mas utilizado en la préactica
clinica, no afecta a la circulacion feto-materna ni a la funcion cardiaca fetal.

Palabras clave: Amniocentesis. Ultrasonografia Doppler. Circulacion placentaria.
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|ntroduction

Prenatal diagnosis is a medical procedure used to
identify fetal chromosomal abnormalities, single-gene
disorders, and congenital infections in the antenatal
period. Invasive prenatal diagnostic tests include
amniocentesis (AS), chorionic villus sampling, and
cordocentesis'2. AS is an invasive procedure in which
amniotic fluid is obtained using a 20-22-gauge spinal
needle under ultrasonography (USG) guidance
through a transabdominal approach?. The first docu-
mented case of AS was performed by Fuchs and Riis
in 1956 with the objective of determining antenatal sex
chromosomes®. AS, when performed by experienced
clinicians under outpatient clinic conditions, can be
utilized not only for prenatal diagnosis but also for
treatment in certain cases*S. The advent of advanced
technology has led to a substantial decrease in the
incidence of complications associated with the AS
procedure. While transient vaginal bleeding and amni-
otic fluid leakage may occur in some cases, the risk
of miscarriage, the most serious complication, has
been reported to be approximately 0.2%°".

The potential hemodynamic changes in the feto-
maternal circulation following AS are a source of con-
cern. Doppler USG can be used safely as a
non-invasive method to detect these changes. The
findings from Doppler USG of the fetal umbilical
artery, ductus venosus (DV), middle cerebral artery,
and maternal uterine artery can provide crucial
insights into placental perfusion®.

There are very few studies on maternal and fetal
perfusion after AS. Previous studies on this subject
have reported that fetal circulation was not affected
after the procedure®'°. In this study, we tried to inves-
tigate whether there is a change in feto-maternal cir-
culation after AS procedure using Doppler USG.

Methods

This prospective study was conducted in the Depart-
ment of Obstetrics and Gynecology between June
2022 and January 2025. The study was planned in
accordance with the principles of the Declaration of
Helsinki. Approval was obtained from the Local Ethics
Committee of (Ethics Committee number: 2022/309)
before the study. Written informed consent was
obtained from all patients included in the study.

A total of 73 patients with singleton pregnancies
between 16 and 22 weeks of gestation were included
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in the study. Fetuses with an indication for invasive
testing and a healthy AS result were included in the
study. Twin pregnancies, fetuses with major anoma-
lies on USG evaluation, and fetuses with AS results
of chromosomal or genetic disorders were excluded
from the study.

All procedures were carried out by clinicians spe-
cializing in perinatology, utilizing a Voluson E6 (GE
Medical Systems, Milwaukee, WI) equipped with a
transabdominal 2D convex probe. Fetal Doppler mea-
surements were obtained at three distinct time points:
before AS (1%t measurement), immediately after AS
(2" measurement), and 1 h after AS (3 measure-
ment). The parameters that were analyzed included
the fetal umbilical artery, the DV, and the maternal
right/left uterine artery. The recorded values were
then subjected to statistical analysis to determine the
presence of any significant differences between them.

Statistical analysis

The analyses were evaluated in Statistical Package
for Social Sciences (SPSS) (SPSS Inc., Chicago, IL)
22. Descriptive data were presented as n and % val-
ues for categorical data and mean = standard devia-
tion (mean =+ standard deviation) and median
(minimum-maximum) values for continuous data. The
Kolmogorov—Smirnov test was used to assess the
normal distribution of continuous variables. For com-
parison between measurements, the Wilcoxon analy-
sis was employed for paired comparisons, and the
Friedman analysis was used for comparisons involv-
ing three measurements. The statistical significance
level was set at p < 0.05.

Results

A total of 73 patients who underwent AS according
to high-risk screening results (n = 57; 78%), minor soft
markers (hyper echogenic cardiac focus, hyperecho-
genic bowel, nuchal fold thickness, pelviectasia) (n: 9;
12%), and advanced maternal age (n: 7; 10%) were
included in the study. The mean maternal age was
31.9 £ 6.1 (min 21-max 38), and the mean maternal
body mass index was 28.0 + 5.5 kg/m? (min 23-max
33). The mean gestational week at which AS was
performed was 18.4 + 2.0 (min 16-max 22), while the
mean estimated fetal weight of the fetuses was 273.8
+ 134.0 g (min 168-max 420).

The first and second Doppler measurements of the
umbilical artery, DV, and right and left uterine artery
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Table 1. Comparison of first and second Doppler measurements

Doppler st 2nd p*
measurements
Mean = SD Mean = SD
Umbilical artery 3.71+£1.13 3.90 +1.32 0.360
S/ID 1.32 £ 0.47 1.39 + 0.54 0.510
Pl 0.75£0.20 0.78 £ 0.21 0.405
Rl
Right uterine artery
S/ID 3.20 £ 1.26 3.05 £ 1.30 0.220
Pl 1.32 + 0.66 1.23 £ 0.50 0.843
Rl 0.65+0.18 0.64 £0.17 0.998
Left uterine artery
S/ID 3.00 + 0.97 3.12+1.29 0.997
Pl 1.25 +0.58 1.28 £ 0.65 0.999
Rl 0.66 + 0.22 0.65 £ 0.23 0.987
DV
Pl 0.77 £0.32 0.78 £ 0.32 0.998

*Wilcoxon analysis was applied.
S/D: systolic/diastolic; PI: pulsatility index; RI: resistance index; DV: ductus venosus;
SD: standard deviation.

are shown in table 1. There was no statistically sig-
nificant difference in the Doppler parameters before
and immediately after AS (p > 0.05 for all).

The data regarding the first and third Doppler mea-
surements of the umbilical artery, DV, and right and
left uterine artery are shown in table 2. There was no
statistically significant difference in Doppler parame-
ters before and 1 h after the procedure (p > 0.05)
(p > 0.05) (Table 2).

The first, second, and third Doppler measurements
of the umbilical artery, DV, right, and left uterine artery
are shown in table 3. The umbilical artery systolic/
diastolic ratio and pulsatility index (PI) value increased
immediately after the procedure and returned to the
pre-procedure level at 1 h. However, these findings
were not statistically significant.

Discussion

AS is the most commonly performed prenatal inva-
sive diagnostic test, and the incidence of associated
complications is very rare when performed by experi-
enced clinicians with superior equipment. However,
our understanding of the short-term effects of AS on
the feto-maternal circulation and their implications for
the fetus remains limited. While numerous studies
have examined the indications and complications of
AS'™ there is a paucity of research investigating the
potential changes in the feto-maternal circulation

Table 2. Comparison of the first and third Doppler measurements
of the patients

Doppler st 3 p*
measurements
Mean + SD Mean + SD
Umbilical artery
S/D 371 £ 113 3.65+0.76 0.998
P 1.32 = 047 1.36 + 0.51 0.936
RI 0.75 £ 0.20 0.77 £ 0.26 0.684
Right uterine artery
S/ID 320 + 1.26 3.07 £ 0.97 0.998
P 1.32 + 0.66 1.25 + 0.51 0.999
RI 0.65 + 0.18 0.67 +0.20 0.987
Left uterine artery
S/ID 3.00 £ 0.97 337 +132 0.099
P 1.25 +0.58 1.31 £0.52 0.819
RI 0.66 + 0.22 0.68 +0.18 0.237
DV
P 0.77 +0.32 0.73+0.18 0.887

*Wilcoxon analysis was applied.
S/D: systolic/diastolic; PI: pulsatility index; RI: resistance index; DV: ductus venosus;
SD: standard deviation.

Table 3. Comparison of three different Doppler measurements of
the cases

Doppler 1st 2nd 3 p*
measurements
Mean +SD Mean+SD Mean x SD
Umbilical artery
S/ID
PI 371+£113 390+132 365+0.76 0.397
RI 132+047 139+054 1.36+0.51 0.286
075+£020 0.78+021 0.77+0.26 0.206
Right uterine artery
S/ID
Pl 320+1.26 305+130 3.07+0.97 0.287
Rl 132+£066 123+050 1.25+0.51 0.805
0.65+0.18 064+0.17 0.67+0.20 0.494
Left uterine artery
SID
Pl 3.00+£0.97 312+129 337+132 0.132
RI 125+£058 128065 1.31+052 0.463
066 £0.22 065+023 0.68+0.18 0.133
DV
PI 0.77+£032 078+032 0.73+0.18 0.805

*Friedman analysis was applied
S/D: systolic/diastolic; PI: pulsatility index; RI: resistance index; DV: ductus venosus;
SD: standard deviation.

resulting from AS procedures®'®. Consequently, we
sought to elucidate the effects of AS on feto-maternal
circulation by employing Doppler USG, a non-invasive
methodology.



DV is one of the shunt mechanisms that provide
oxygen-rich blood to the fetus in intrauterine life,
which makes fetal life different from adult life. The DV
carries a substantial proportion of the blood flow from
the umbilical vein directly to the inferior vena cava,
thereby ensuring the delivery of oxygenated blood to
the fetal body, particularly the fetal heart and brain'.
Consequently, DV assumes a pivotal role in the
assessment of fetal heart function'®". To date, only
two studies have examined the relationship between
DV Doppler parameters and AS. One of these studies
was conducted by Helbig and Haugen, who evaluated
99 patients who underwent AS for genetic diagnosis.
The pre-procedure DV Pl measurements of the fetuses
were calculated as mean:1.07; min 0.54-max 2.42,
and the post-procedure DV Pl measurements were
calculated as mean:1.03; min 0.51-max 3.27. No sig-
nificant difference was observed between the two
measurements™. In a subsequent study, DV Pl param-
eters were examined immediately before and after the
AS procedure, and the mean and mean values were
calculated as 1.050 and 1.050, respectively. 1.050 and
0.930, respectively, and no statistically significant dif-
ference was found between these two values. The
findings of the present study are consistent with the
extant literature; the mean DV Pl measurements
before AS were 0.77 + 0.32, immediately after AS
were 0.78 = 0.32, and 1 h after AS were 0.73 = 0.18.
The results were analogous, and no statistically sig-
nificant difference was identified between them.

In their study, Ulkumen et al. compared the Doppler
USG parameters of the umbilical artery, middle cere-
bral artery, right uterine artery, and left uterine artery
before and after the procedure in 56 patients who
underwent AS in their clinic. The researchers reported
that the results of all parameters before and after the
procedure were similar®. In a related study, 200 patients
who underwent AS for genetic diagnosis were exam-
ined, and the patient group who underwent transpla-
cental AS during the procedure and the patient group
who did not undergo transplacental needle passage
were compared. The umbilical artery Doppler param-
eters and fetal heart rate were compared between
these two groups before and after the procedure. The
results showed that both measurements were similar
in both groups™®. In a subsequent study by Iskender
et al., the Doppler parameters of the middle cerebral
artery and umbilical artery were compared before and
after the procedure in patients with bleeding into the
amniotic fluid during the AS procedure and in patients
without such bleeding. The study revealed that the
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Doppler parameter measurements were comparable
between the two groups™. The present study involved
the performance of uterine artery, umbilical artery,
and DV Doppler flow examinations on 73 patients
before, immediately following, and 1 h after the AS
procedure. The results of the present study corrobo-
rate the extant literature, and no statistically signifi-
cant difference was observed between the groups in
Doppler USG parameters evaluating feto-maternal cir-
culation and fetal cardiac function.

The strengths of this study are its prospective
design, the expertise of the clinicians, the utilization
of advanced technological devices, and the inclusion
of only live, healthy fetuses. The limitations of the
study are its single-center design and the limited num-
ber of patients.

Conclusion

In this research, it was observed that AS, the most
commonly used invasive diagnostic procedure in clini-
cal practice, does not affect feto-maternal circulation
and fetal cardiac function. Therefore, AS can be safely
recommended by experienced clinicians under appro-
priate conditions.
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Concordance of CO, gaps measured using peripheral and central
venous blood in patients diagnosed with septic shock
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pacientes diagnosticados de choque séptico
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Esra Tekin?, Aybuke Selcuk’, Emel Eryuksel', and Sait Karakurt'
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Abstract

Objective: This study evaluates the venous-arterial CO, difference (Pv-aCQ,) from peripheral venous blood (Pv-aCO,p) as a
less invasive alternative to central venous Pv-aCO, for assessing tissue perfusion in septic shock. Methods: A prospective,
single-center study included 54 septic shock patients with central venous catheters placed within 24 h of intensive care unit
admission. Blood samples from arterial, central venous, and peripheral venous sources were analyzed. Correlation analyses
and Bland-Altman plots were used to assess agreement between Pv-aCO,p and central Pv-aCO,. Results: Patients had a
mean age of 70 years, and 51.9% were male. The median SOFA score was 8.5, and the mean APACHE-II score was 22.7.
The Pv-aCO,p gap was 8 mmHg, whereas the central Pv-aCO, gap was 6 mmHg. A moderate correlation was found between
Pv-aCO,p and central Pv-aCO, (r = 0.593, p < 0.001), with stronger correlations observed in patients with arterial lactate >
2 mmol/L (r = 0.673) and hemoglobin < 8 g/dL (r = 0.625). Bland-Altman analysis revealed a mean difference of 8.278 mmHg
between arterial and peripheral pCO,. Conclusions: Peripheral Pv-aCO,p correlates well with central Pv-aCO, and can serve
as a less invasive alternative for assessing tissue perfusion in septic shock patients. It offers practical utility when central
venous access is not available, aiding in early clinical decisions.

Keywords: Pv-aCO, Tissue perfusion. Septic shock. Veno-arterial CO, difference. Hemodynamic monitoring.
Resumen

Objetivo: Evaluar la diferencia venosa-arterial de CO, (Pv-aCO,) medida en sangre venosa periférica (Pv-aCO,p) como una
alternativa menos invasiva a la Pv-aCO, venosa central para evaluar la perfusion tisular en el choque séptico. Métodos: Estu-
dio prospectivo, unicéntrico, que incluyd 54 pacientes con choque séptico y catéter venoso central colocado dentro de las
primeras 24 horas de ingreso a la UCI. Se analizaron muestras de sangre arterial, venosa central y venosa periférica. Se
realizaron analisis de correlacion y graficos de Bland-Altman para evaluar la concordancia entre la Pv-aCO,p y la Pv-aCO,
central. Resultados: Los pacientes tenian una edad promedio de 70 afios y el 51.9% eran hombres. La mediana del puntaje
SOFA fue de 8.5 y el puntaje APACHE-II promedio fue de 22.7. La brecha de Pv-aCO,p fue de 8 mmHg, mientras que la
brecha de Pv-aCO, central fue de 6 mmHg. Se encontré una correlacién moderada entre la Pv-aCO,p y la Pv-aCO, central
(r=0.593; p < 0.001), con correlaciones mas fuertes en los pacientes con lactato en sangre arterial = 2 mmol/l (r = 0.673)
y hemoglobina < 8 g/dl (r = 0.625). El andlisis de Bland-Altman revel6 una diferencia promedio de 8.278 mmHg entre la pCO,
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en sangre arterial y en sangre periférica. Conclusiones: La Pv-aCO,p se correlaciona bien con la Pv-aCO, central y puede
servir como una alternativa menos invasiva para evaluar la perfusion tisular en pacientes con choque séptico. Es de utilidad
practica cuando no se dispone de acceso venoso central, ayudando en las decisiones clinicas tempranas.

Palabras clave: Pv-aCO,. Perfusion tisular. Choque séptico. Diferencia venosa-arterial de CO,. Monitoreo hemodinamico.

|ntroduction

Early identification of tissue hypoperfusion and
prompt, effective resuscitation are crucial for the suc-
cessful management of patients with septic shock'.
The latest guidelines from the Surviving Sepsis Cam-
paign (SSC) for managing patients with septic shock
emphasize hemodynamic support using a structured
protocol of fluid administration and vasopressor ther-
apy. The objective is to enhance tissue perfusion and
fulfill tissue oxygen requirements?. The veno-arterial
partial pressure of carbon dioxide difference (Pv-aCO,
or ApCO,) has been suggested as a marker for tissue
hypoperfusion®. These findings have immediate clini-
cal relevance, as they can alter the treatment strategy
at the patient’s bedside. Under physiological condi-
tions, the Pv-aCO, typically does not exceed 0.8 kPa
(6 mmHg) and reflects the adequacy of venous blood
flow and cardiac output (CO)*.

Several researchers have emphasized a linear rela-
tionship between Pv-aCO, determined from mixed or
central venous blood®®. However, the studies con-
ducted so far have been performed in an intensive
care setting using central venous catheters. Evaluat-
ing the CO, gap using peripheral venous blood sam-
ples outside/inside the intensive care environment is
important for its potential to aid daily practice as well.
The objective of this study was to determine whether
a linear correlation exists between Pv-aCO, measured
from peripheral venous blood (Pv-aCQO,p) and Pv-aCO,
measured from central venous blood.

Methods

We conducted a prospective, observational single-
center study at Level-3 medical intensive care unit
(ICU) of Marmara University Hospital, focusing on
patients diagnosed with septic shock according to
SSC: International Guidelines for Management of Sep-
sis and Septic Shock 2021 recommendations (e.g., for
patients with sepsis induced hypoperfusion or septic
shock we suggest that at least 30 mL/kg of IV crys-
talloid fluid should be given within the first 3 h of

resuscitation) who were admitted between December
2023 and June 2024.

The study specifically targeted patients who had a
central venous catheter inserted within the first 24 h
following their diagnosis and with at least one site of
peripheral venous access. Patients were excluded if
they were under 18 years of age, or if they presented
with trauma, burns, thrombosis, or other contraindica-
tions to jugular vein catheterization, were undergoing
extracorporeal membrane oxygenation, continous renal
replacement therapy, or extracorporeal CO, removal
therapy, or had a prior diagnosis of congestive heart
failure and patients with < 24 h of ICU stay (Fig. 1).

Patient management

All evaluations were performed within 24 h of iden-
tifying septic shock in eligible ICU patients. Peripheral
blood samples were obtained using a needle cannula
in one of the upper extremities, typically in the ICU,
with a tourniquet applied. Simultaneously, central
venous blood samples were collected under ultrasound
guidance following the placement of an internal jugular
vein catheter. Patients were thoroughly assessed, with
blood samples taken for complete blood count, arterial
blood gas analysis, venous blood gas analysis, meta-
bolic panel, N-terminal pro-B-type natriuretic peptide
(NT-proBNP), and calculation of Acute Physiology and
Chronic Health Evaluation-Il (APACHE-II) and the
Sequential Organ Failure Assessment (SOFA) scores.

Consent for the hospital’s clinical management was
requested from each patient, ensuring alignment with
their clinical condition. Data were anonymously col-
lected and stored in secure databases accessible
solely to investigators specified in the protocol.

Calculation of the venous-to-arterial CO,
tension difference

Blood samples were collected from central and
peripheral veins, as well as arterial blood, to determine
CO, values in a cohort of 54 patients. The v-a CO,
gap was calculated by subtracting the arterial pCO,



Excluded

Target Population . . .
Patients jugular vein

catheterization cannot be
performed

Patients who
undergo ECMO, CRRT or
ECCO:R

Patients who
previously diagnosed
with congestive heart
failure

Patients <24 hours
ICU stay

All patients aged 18
or older admitted ICU
with septic shock

| Study Population I

| Pv-a CO; gap central I | Pv-a CO; gap peripheral

Figure 1. Flowchart of the study.

values from the pCO, values obtained from the central
and peripheral venous blood samples.

Outcomes

The primary aim was the evaluation of the linear cor-
relation and agreement between the Pv-aCO, measured
with peripheral venous and central venous blood. The
secondary objective of the study was to identify patient
subgroups or specific laboratory parameters associated
with a potentially stronger correlation. To accomplish
this, we aimed to stratify patients based on their mean
arterial pressures, heart rates, mottling scores, capillary
refilling times (CRT), arterial lactate levels, APACHE-II
scores, SOFA scores, NT-proBNP values, as well as
the type and dosage of vasopressors initiated at the
time of septic shock diagnosis.

Statistical analysis

To determine the sample size for this study, literature
data were utilized (with a significance level of o = 0.05
and power = 90%), leading to the inclusion of a total of
50 patients, with calculations performed using G-Power
version 3.1.9.7.8.

The data analysis was conducted using IBM Statisti-
cal Package for the Social Sciences Statistics Version
23. Normality of the data distribution was assessed
using the Shapiro-Wilk test. Analysis results were pre-
sented as mean + standard deviation or median (mini-
mum-maximum). The paired samples t-test was
employed for normally distributed data in two dependent
groups, whereas the Wilcoxon test was used for data
that did not follow a normal distribution. Pearson cor-
relation coefficient was used to examine the relationship
between normally distributed continuous parameters,
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whereas Spearman’s p correlation coefficient was
employed for non-normally distributed continuous
parameters.

In the comparative analysis of methods, the robust
Bland-Altman analysis was utilized, renowned for its
effectiveness in assessing agreement between two
measurement techniques or observers. This method
offers insights into the agreement and potential biases
between two quantitative measurements, contributing
valuable information on the degree of agreement and
any systematic differences.

Furthermore, the intra-class correlation coefficient
(ICC) was utilized to assess the concordance of pCO,
differences across regions. The ICC is a widely used
statistical measure for evaluating the agreement or
consistency between multiple measurements or obser-
vations. Specifically, in the context of regional PCO,
differences, ICC sheds light on the overall consistency
of measurements across different regions.

By employing these rigorous statistical methods and
adhering to established significance levels, the study
ensures robustness and reliability in its findings,
thereby contributing to the advancement of knowledge
in the field and facilitating informed decision-making
in clinical practice.

The significance level of p < 0.050 was established
to determine statistical significance, aligning with con-
ventional practices in hypothesis testing. This thresh-
old ensures that findings with a p-value below 0.050
are considered statistically significant, indicating a
high likelihood of rejecting the null hypothesis.

Results

Among the participants, 28 (51.9%) were male. Dia-
betes mellitus was present in 12 (22.2%) individuals,
whereas 22 (40.7%) had hypertension. Coronary arterial
disease was found in 9 (16.7%) participants, and chronic
renal failure was reported in 12 (22.2%) individuals. The
mean age of the participants was 70 + 15 years. The
mean SOFA score was 8.52 + 3.65, and the mean
APACHE score was 22.7 + 5.89. The median CRT was
determined to be 3 (1-8) s. The median mottling score
was 0 (0-5). Patients’ characteristics and baseline labo-
ratory findings are shown in table 1.

Out of 54 determinations, the mean difference in
PCO, values obtained from arterial and central regions
(Pv-aCO,) was found to be 6.81, with this difference
being statistically significant from zero (p < 0.001). The
lower limit of agreement was -0.848, whereas the upper
limit was 14,478. In addition, a statistically significant
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Table 1. Main characteristics, laboratory results, and clinical
scores of the study population on ICU admission

Characteristics Patients
Male sex, n (%) 28 (51.9)
Age (mean value + SD) 70 £ 15
Comorbid diseases
DM, n (%) 12 (22.2)
HT, n (%) 22 (40.7)
CAD, n (%) 9(16.7)
CKD, n (%) 12 (22.2)
COPD, n (%) 4(7.4)
Hematologic malignancy, n (%) 4(7.4)
Solid tumor, n (%) 16 (29.6%)
Mean arterial pressure (mmHg), (mean value + SD) 71.15 + 10.54
Heart rate (bpm), (mean value + SD) 96.11 + 20.88
SOFA score, (median [25-75]) 8.5 (1-17)
APACHE-II score, (mean value + SD) 22.7 £5.89

NT-ProBNP (pg/mL), (median [25-75]) 4034 (10-35000)

Hgb (g/dL), (mean value + SD) 9.06 £ 2.05
Htc (%), (mean value + SD) 27.7 £ 6.36
Noradrenaline dose (mcg/kg/min), (median [25-75]) 0.18 (0.02-1)
Capillary refilling time (seconds), (median [25-75]) 3(1-8)
Mottling score, (median [25-75]) 0(0-5)

ICU: intensive care unit; SD: standard deviation; DM: diabetes mellitus;

HT: hypertension; CAD: coronary artery disease; CKD: chronic kidney disease;

COPD: chronic obstructive pulmonary disease; SOFA: the sequential organ

failure assessment; APACHE-II: acute physiology and chronic health evaluation-Il;

Hgb: hemoglobin; Htc: hematocrit; NT-ProBNP: n-terminal pro-B-type natriuretic peptide.

strong agreement was observed between arterial and
central regions (ICC = 0.942; p < 0.001). Similarly, the
mean difference in pCO, values obtained from arterial
and peripheral regions (Pv-aCO,p) was 8.27, with this
difference being statistically significant from zero
(p < 0.001) (Table 2). The lower limit of agreement
was -0.728, whereas the upper limit was 17,283. Fur-
thermore, a statistically significant strong agreement
was observed between arterial and peripheral regions
(ICC = 0.914; p < 0.001) (Table 3). These findings
indicate a consistent and reliable agreement between
pCO, measurements taken from arterial and central
regions, as well as between arterial and peripheral
regions. This strong agreement highlights the robust-
ness of comparing pCO, values across different
regions (Fig. 2).

Among individuals with arterial lactate levels of 2 or
higher, there was a strong positive correlation between
Pv-aCO, and Pv-aCO,p (r=0.673, p < 0.001). Similarly,
individuals with NT-proBNP values < 2000, Hgb values

Table 2. Blood gas analysis of the study population

Parameter Arterial Central Peripheral
pH, (min-max) 7.45 7.4 7.38
(7.06-7.74) (6.98-7.65) (7.02-7.58)
pOZ, mmHg, 925 41 36
(min-max) (51-289) (24-137) (15-104)
pCO,, mmHg, 36 435 46
(min-max) (14-73) (20-84) (23-81)
HCOa, mEg/L, 251 25.05 24.45
(min-max) (8.5-38.8) (9.9-39.2) (9-38.1)
BE, 0.6 1.15 1.65
(min-max) (-22.5-15.5)  (-18.9-16.5) (-19.3-13.9)
Lactate, mmol/L, 1.9 2.05 2.2
(min-max) (0.3-8.6) (0.1-14.8) (0.2-13.7)
sO,, %, 98 70.72 + 11.98 60
(min-max) (80-100) (24-95)
Pv-aCO, (mmHg), 6.81 + 3.91
(Median [25-75])
Pv-aCO,p (mmHg), 8.27 £ 4.60

(Median [25-75])

Table 3. Analysis results of Bland-Altman and examination of
agreement between Pv-aCO, and Pv-aCO,p

Variable Median difference SD ICC (95% Cl) p
(95% ClI)
Pv-aCO, 6.815(5.75-7.882) 3.910 0.942(0.902-0.966) < 0.001

Pv-aCO,p 8.278(7.02-9.53) 4595 0.914(0.856-0.949) < 0.001

Cl: confidence interval; SD: standard deviation; ICC: intra-class correlation coefficient.

< 8, and noradrenaline values < 0.1 exhibited high posi-
tive correlations between Pv-aCO, and Pv-aCO,p values
(r=0.637, p = 0006; r = 0.625, p = 0.004; r = 0.620,
p = 0.032, respectively) (Table 4).

Discussion

Our study focused on analyzing the Pv-aCO, gap
obtained from central venous catheters and compar-
ing it to the Pv-aCO,p gap obtained from peripheral
venous catheters. The outcomes of our study reveal
useful insights into the relationship between these two
types of venous access methods and their corre-
sponding Pv-aCO, measurements. The research
showed a statistically significant relationship between
the Pv-aCO, gaps measured at central and peripheral
venous sites, showing that measurements obtained
from peripheral venous access are similarly reflective
of those obtained from central venous access.
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Figure 2. The Bland-Altman plot comparison shows the agreement between two measurement methods. Each plot presents differences in mea-
surements on the y-axis against their mean values on the x-axis, and includes limits of agreement, typically set at + 1.96 standard deviations from
the mean difference. A: the mean difference of PCQOl values obtained from arterial and central regions was found to be 6.815, with a statistically
significant difference from 0 (p < 0.001). In this plot, the lower limit of agreement was approximately —0.848, and the upper limit was about 14.478.
Most data points lie within these limits, indicating a strong agreement between the arterial and central regions. The shaded areas (green for the
upper limit and red for the lower limit) emphasize the range within which the majority of measurements fall, with only a few outliers observed. The
intraclass correlation coefficient (ICC) was 0.942, showing a statistically significant and very strong agreement (p < 0.001). B: which illustrates
the comparison between arterial and peripheral regions, the mean difference of PCQl values was calculated as 8.278, also showing a statistically
significant difference from 0 (p < 0.001). Here, the lower limit of agreement was approximately -0.728, and the upper limit was around 17.283.
While most data points again fall within the shaded limits, the wider spread indicates a slightly greater variability in measurements between the
arterial and peripheral regions compared to the central region. Nevertheless, a very strong agreement was still observed between the arterial and

peripheral regions, with an ICC of 0.914 (p < 0.001), underscoring the statistically significant agreement in this comparison as well.

This finding has significant therapeutic effects, as
central venous access, despite its frequent utilization
for precise hemodynamic monitoring, is associated with
risks such as infection, thrombosis, and pneumothorax,
especially in critically ill individuals®. On the other hand,
peripheral venous access is a minimally invasive treat-
ment that is easier to perform and has a lower risk of
problems. If the measurements of the peripheral Pv-
aCO,p gap show a strong correlation with those
obtained via central venous access, as shown by our
findings, then peripheral venous sampling could be
considered a feasible option in cases where central
venous access is not possible or considered risky.

The practical applications of using peripheral venous
Pv-aCO,p gap measurements as a substitute for cen-
tral venous measurements are numerous. In emer-
gency settings or resource-limited environments
where central venous catheterization may not be eas-
ily accessible or feasible, peripheral venous sampling
can be used to effectively monitor tissue perfusion
and provide guidance for vital actions. Furthermore,
this approach can be especially beneficial for patients
who are unable to have central venous access due to
anatomical or physiological limitations.

Another crucial factor to take into consideration is
the potential impact on patient comfort and overall
treatment. Peripheral venous catheterization is char-
acterized by lower pain, better tolerance, and the abil-
ity to be performed with fewer assets and staff when
compared to central venous catheterization®. This has
the potential to improve patient outcomes by decreas-
ing problems associated with procedures and enabling
faster implementation of monitoring, particularly in
urgent situations such as septic shock.

The strong correlations shown in our study have not
been thoroughly investigated in previous studies, and
the provided values have been isolated from statistical
analysis'®'. Although our research provides valuable
data in this relatively unexplored field, larger-scale
investigations are necessary to validate our findings
and identify specific clinical conditions in which
peripheral venous sampling might effectively replace
a central venous sample.

Various clinical settings are involved in managing
septic patients, particularly in the initial stages of the
syndrome, including pre-hospital medicine, emer-
gency medicine, and hospital medicine. In these con-
texts, obtaining a central venous line may pose
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Table 4. Comparison of pCO, differences in regions by groups

Clinical variable Pv-aCO2p (mmHg) Pv-aCO2 (mmHg) rlp Test statistic p
Mean value Median Mean value Median
+=SD (Min-Max) +SD (Min-Max)
Arterial lactate level, mmol/L
>2 8.1+4.67 7 (2-18) 6.21 £ 3.34 6 (1-14) 0.433/0.019*** 2.316 0.028*
<2 8.48 + 4.59 9(0-18 7.52 £4.45 1-21) 0.673/< 0.001*** 1.313 0.202*
NT-proBNP, pg/mL
< 2000 7.18 £4.08 7 (1-13) 73547 6 (1-21) 0.637/0.006**** -0.032 0.975*
> 2000 922+467 95(0-18) 6.94 +3.51 6.5 (1-14) 0.516/0.003*** 3.108 0.004*
Hgb, g/dL
<8 7.21£3.74 7 (2-14) 5.0 £ 3.09 5(1-12) 0.625/0.004*** 3.2 0.005*
>8 8.86 + 4.95 9(0-18) 7.8 +3.99 8 (1-21) 0.545/0.001**** -1.107 0.268**
HR, beats/min
< 100/min 887 +476 10(0-18) 6.71+3.36 6 (1-14) 0.600/< 0.001*** 3.134 0.004*
> 100/min 727432 65(1-17) 6.82+469 55(1-21)  0.562/0.007*** -0.328 0.743**
Noradrenaline dose (mcg/kg/dak)
<01 5.75 + 3.47 6 (1-13) 5.33 £ 3.17 5(1-11) 0.620/0.032*** 0.497 0.629*
>0.1 9.18+493 10(0-18) 7.21+4.36 6 (1-21) 0.540/0.001*** 2.524 0.017*
*Paired two-sample t-test.
**Wilcoxon test.

***Pearson correlation coefficient.
“***Spearman’s rho correlation coefficient.

NT-proBNP: n-terminal pro-B-type natriuretic peptide; Hgb: hemoglobin; HR: heart rate; SD: standard deviation.

challenges. Early assessment of the CO, gap could
prompt earlier initiation of inotropic medications, which
have been demonstrated to be safely administered via
peripheral venous access'™.

To the best of our knowledge, only two studies in
the literature have explored the association between
standard Pv-aCO, and Pv-aCO,p. Gao et al." reported
a correlation of 90%, and Orso et al.8 reported a cor-
relation of 70%.

In the present study, we observed a direct correla-
tion between Pv-aCO, and Pv-aCO,p. The ICC value
of 0.914 underscores the strong consistency and reli-
ability of these measurements, affirming their robust
agreement and reliability in clinical assessment.

Beyond the primary findings regarding the correla-
tion between Pv-aCO, and Pv-aCO,p gaps, our study
revealed several additional correlations that hold
important clinical implications and have not been pre-
viously addressed in the literature. Among patients
with arterial lactate levels of 2 mmol/L or higher, we
observed a robust positive correlation between Pv-
aCO, and Pv-aCO,p (r = 0.673, p < 0.001). Elevated
lactate is often associated with impaired tissue oxy-
genation and metabolic stress, yet our findings sug-
gest that even in this physiologically challenging
condition, peripheral venous measurements remain
reliably reflective of central venous values™. This
could potentially offer a safer, less invasive alternative

for hemodynamic monitoring in patients where ele-
vated lactate levels would traditionally necessitate
central venous access.

In addition, in patients with NT-proBNP levels under
2000, hemoglobin values below 8 g/dL, and noradren-
aline doses < 0.1 ug/kg/min, we found similarly high
positive correlations between Pv-aCO, and Pv-aCO,p
(r=10.637, p = 0.006; r = 0.625, p = 0.004; r = 0.620,
p = 0.032, respectively). The ability of peripheral Pv-
aCO,p measurements to align with central values
across these diverse clinical markers reinforces its
potential role as a practical alternative, particularly in
situations where central venous access may be risky
or infeasible.

Furthermore, our research revealed a statistically
significant moderate positive correlation between cap-
illary refill time and mottling score (p < 0.001), which
are both simple bedside measurements of peripheral
perfusion'*. The correlation between these two non-
invasive indicators enhances the significance of their
combined utilization in evaluating the degree of circu-
latory failure in critically ill patients.

The results of our study show that peripheral venous
measures can be reliably accurate under a variety of
clinical situations, including those marked by increased
lactate levels, decreased hemoglobin levels, impaired
cardiac function, and the administration of low doses of
vasopressors. This emphasizes the broader relevance



of peripheral venous sampling as a less invasive, but
accurate option for central venous access in critically
ill patients. Our investigation offers new insights into
the correlations between Pv-aCO, and Pv-aCO,p in
different conditions. This gives a basis for future
research to assess and expand upon these findings,
potentially leading to modifications in the approach to
venous sampling and hemodynamic monitoring in crit-
ical care.

Our study presents several limitations. First, it is a
single-center study, so the results might not univer-
sally apply. Second, we did not measure cardiac
index, and we excluded patients with a prior diagnosis
of heart failure from our study to avoid potential confu-
sion with cardiac dysfunction that could develop sec-
ondary to sepsis. Finally, our patient group received
only single-agent vasopressor therapy with noradrena-
line. Therefore, our results should be validated in future
studies with a larger sample size.

Conclusion

The significant linear correlation observed between
Pv-aCO, levels from central and peripheral venous
catheters in patients with septic shock underscores
the potential benefits of using peripheral venous
access. This approach offers a less invasive alterna-
tive for Pv-aCO, measurement, simplifying patient
management while still providing valuable physiologi-
cal insights. Further controlled clinical trials are nec-
essary to explore whether Pv-aCO,p could be utilized
in broader clinical settings beyond ICUs, aiming to
assess whether CO adequately meets tissue meta-
bolic demands during early sepsis stages.
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Perirenal fat Hounsfield units: not only for renal stones but
also for renal cell carcinoma

Unidades Hounsfield de grasa perirrenal: no solo para los calculos renales, sino también
para el carcinoma de células renales

Serkan Akan'*®, Caner Ediz*®, Esin Derin-Cicek®®, Ozgun Ete'®, Yunus E. Kizilkan*®, Aytac Sahin'®,
and Ayhan Verit!
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University of Health Sciences, Sultan 2. Abdulhamid Han Training and Research Hospital, Istanbul; *Department of Radiology, University of Health
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Abstract

Objective: We aimed to evaluate the role of attenuation values of perirenal fat calculated by computed tomography (CT) in dif-
ferentiating aggressive renal masses. Methods: The data of 83 patients with histologically confirmed local stage renal cell carcinoma
(RCC), who were treated with nephrectomy in our center, and 78 control group cases were analyzed. All measurements including
renal mass volume, abdominal subcutaneous fat area and subcutaneous fat area pelvic subcutaneous fat area, and perirenal fat
thickness and Hounsfield unit (perirenal fat tissue thickness [PFT]-Hounsfield unit of perirenal fat [PFHU]) were performed on CT
by the same radiologist. Results: In the statistical analysis of PFT and PFHU measurements between the groups, fat thickness
was found to be lower in the patient group compared with the control group. However, hounsfield unit measurements were statis-
tically significantly higher in the patient group (p < 0.0001). A cutoff value of -98.1 for the PFHU can identify the patient group with
a sensitivity of 89.2% and a specificity of 84.6% (area under the curve = 0.9; 95% confidence interval: 0.86-0.95 p < 0.0001). In
the multivariate logistic regression analysis, a PFHU = -98.1 was independently associated with RCC after accounting for clinical
and radiologic parameters. Conclusion: We believe that measurement of the HU values of perirenal adipose tissue with the CT
may be useful in differentiating aggressive renal masses and therefore in determining the appropriate treatment selection.

Keywords: Computed tomography. Hounsfield. Kidney. Perirenal fat. Renal cell carcinoma.
Resumen

Objetivo: Evaluar el papel de los valores de atenuacion de la grasa perirrenal calculados por tomografia computarizada (TC)
en la diferenciacion de masas renales agresivas. Métodos: Se analizaron los datos de 83 pacientes con carcinoma de células
renales en estadio local confirmado histoldgicamente, que fueron tratados con nefrectomia en nuestro centro, y de 78 casos
del grupo control. Todas las mediciones, incluido el volumen de masa renal, el drea de grasa subcutdnea abdominal y pélvica
(SFA,-SFA,), el espesor de la grasa perirrenal y las unidades Hounsfield (PFT-PFHU), fueron realizadas en TC por el mismo
radidlogo. Resultados: En el andlisis estadistico de las mediciones de PFT y PFHU entre los grupos se encontrd que el espe-
sor de la grasa era menor en los pacientes en comparacion con los controles. Sin embargo, las mediciones de las unidades
Hounsfield fueron mayores, con significacion estadistica, en el grupo de pacientes (p < 0.0001). Un valor de corte de -98.1
para la PFHU puede identificar el grupo de pacientes con una sensibilidad del 89.2% y una especificidad del 84.6% (AUC = 0.9;
IC 95%: 0.86-0.95; p < 0.0001). En el andlisis de regresion logistica multivariado, una PFHU = -98.1 se asocid de manera
independiente con el carcinoma de células renales después de tener en cuenta los pardmetros clinicos y radiologicos.
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Conclusiones: Creemos que la medicion de los valores de unidades Hounsfield del tejido adiposo perirrenal con TC puede
ser util para diferenciar masas renales agresivas y, por tanto, para determinar la seleccion del tratamiento adecuado.

Palabras clave: Tomografia computarizada. Unidades Hounsfield. Rifion. Grasa perirrenal. Carcinoma de células renales.

|ntroduction

Renal cell carcinoma (RCC) is the most common
solid lesion in the kidney and accounts for approxi-
mately 90% of all renal malignancies and is associated
with the highest mortality'2. The three main subtypes
with specific histopathologic and genetic features are
clear cell RCC (ccRCC), papillary RCC (pRCC types |
and Il), and chromophobe cell RCC (chRCC)3. The
diagnosis of early stage RCCs is increased with the
widespread use of imaging methods.

There is numerous epidemiologic evidence showing
that long-term obesity is one of the major causes of
some types of cancers, such as breast, colon, esopha-
geal, pancreatic, and renal cancers*. Although the exact
etiology of RCC remains unclear, the association of obe-
sity with RCC development was reported in some previ-
ous studies®®. In addition, perirenal fat may promote
migration of the ccRCC cells’”. A recent study showed
that renal neoplasms were more common in patients
with a high perirenal fat tissue thickness (PFT) than in
those with a low PFT®. It is also reported that the density
of the perirenal fat is a negative factor for the progres-
sion-free survival of localized renal cancer®.

The hounsfield unit (HU) measurement on com-
puted tomography (CT) is routinely performed in clini-
cal practice to define the hardness and composition
of kidney stones and to predict the outcome of the
stone treatment®'2, It is known that CT has high sen-
sitivity and specificity in the diagnosis and extension
of renal tumors®™. In patients with suspected RCC
undergoing routine abdominal CT imaging, the HU
can be easily measured and reported without the
need for extra procedures. Detection of the radiologic
and histopathologic association of the high PFT and
high perirenal fat density (hounsfield unit of perirenal
fat [PFHU]) with renal masses may help in planning
appropriate treatment at the right time.

Methods
Patients and data collection

Patients, who were treated with partial or radical
nephrectomy between January 2020 and December

2023 in two centers of University of Health Sciences,
were included in the study. Those, whose pre-opera-
tive CT images were unavailable, who underwent the
surgery in another hospital, and whose tumor location
may have affected the subcutaneous fat thickness
(SFT) measurement (posterior in the renal hilus) were
excluded. Individuals, who were under 45 or over
80 years of age, had experienced a previous intra-
abdominal surgery, had a history of kidney stones, a
malignancy other than RCC, and infection around the
kidney, and had incomplete data were excluded.
Numbers of patients with pPRCC and chRCC subtypes
were insufficient for statistical analysis, and therefore,
they were also excluded. A total of 100 cases were
picked randomly and included as the control group
among the participants who underwent a CT imaging
for screening in the above-mentioned time period at
our center and had similar descriptive characteristics
such as age, gender, body mass index (BMI), and
comorbidities. A total of 22 individuals, who had a
history of intra-abdominal surgery or kidney stones,
and had kidney stones, malignancy or infection
around the kidney in the admission were excluded.
The study was completed with a total of 83 patients
with clinically and histologically confirmed local stage
ccRCC and 78 patients are the control group (Fig. 1).

Age at the diagnosis, BMI, tumor location (right and
left kidney), and the presence of systemic diseases
(hypertension and diabetes mellitus) were retrospec-
tively obtained from medical records. T stage based
on the American Joint Committee on Cancer (T1vs.
T2), Fuhrman grade, RCC subtype, histological necro-
sis, and presence of sarcomatoid component were
reported by our uropathologist™. All measurements
including the renal mass volume, abdominal subcuta-
neous fat area (SFA,), pelvic subcutaneous fat area
(SFA,), PFT, and PFHU were performed on CT by the
same radiologist Dr. Esin Derin-Cicek (third author).

Regional Ethic Committee (Hamidiye-BAEK 20/268)
reviewed and approved the study protocol and the
study’s protocol was in accordance with by the
1964 Declaration of Helsinki and its later changes. All
participants included in the study obtained informed
consent form.
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In our center, between 2020 and 2023, the patients who underwent
a partial or radical nephrectomy between the ages of 45 and 80

(n=118)
The patients who were excluded
=t according to the exclusion criteria®
(n=23)
The patients who were excluded due
C> 1o a very rare histopathological
subtype
(n=7)

Paticnts with clinically and histologically confirmed local stage ccRCC
(n=88)

The patients whose tumor location was
not appropriate for the ST measurement
(posterior in the renal hilus)
(n=5)

Patient Group
(n=83)

*Exclusion criteria:

= under 45 or over 80 years of age

= previous intra-abdominal surgery, had a history of kidney stones, a malignancy other
than RCC, and infection around the Kidney

Those who underwent a CT imaging for screening at our center
between January 2020 and December 2023
(n=100)

Those who were excluded according to
the exclusion criteria®
(n=22)

Control Group
(n=78)

Figure 1. Flowchart of patients who met inclusion/exclusion criteria for the study.

The measurement of the SFA, PFT, and
PFHU

A non-contrast CT scan of abdomen (Optima 660
SE, GE Healthcare/Aquilion Lightning Ultra Helical
CT, Canon Medical) was performed for all individuals
in the preoperative period. The SFA, and SFA, (Fig. 2)
calculations were consistent with those reported in the
previous studies™'®. First, the border between the
visceral and subcutaneous compartment was defined
manually along with the contour of the abdominal
muscular wall at the umbilical level. Then, to identify
the fat containing pixels, an image display window
width between -195 and -45 HUs was utilized. A soft-
ware analysis program (RAD-X® PACS software, Sim-
plex, Ankara, Turkey) evaluated the values of the SFA,
and SFA, automatically.

The PFT and PFHU were also calculated with the
same method as in the previous studies®®. In the CT
images, the linear ruler tool of the software was used
to measure the distance from the posterior surface of
the kidney to the external edge of the iliopsoas at the
renal hilum level (Fig. 3). The same radiologist Dr.
Esin Derin-Cicek (third author), who was unaware of

Figure 2. A: evaluation of the subcutaneous fat area of the abdomen.
B: evaluation of the subcutaneous fat area of the pelvis.

the clinical and pathological data, assessed the all
preoperative scans.

Statistical analysis

IBM Statistical Package for the Social Sciences
Statistics 22 program was used for statistical analy-
sis of the findings. The conformity of the parameters
to normal distribution was evaluated by Kolmogorov-
Smirnov test. In addition to descriptive statistical
methods (minimum, maximum, mean, standard devi-
ation, median, and frequency), t-test was used for
comparisons of quantitative data between two groups
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Figure 3. The evaluation of the perirenal fat thickness and perirenal fat hounsfield unit.

for normally distributed parameters and Mann-
Whitney U test was used for comparisons of non-
normally distributed parameters between two group
receiver operating characteristics (ROC). Chi-square
and Fisher’s Exact test were used to compare quali-
tative data. Spearman’s rho correlation analysis,
ROC for discrimination, and logistic regression anal-
ysis for effect were used to analyze the relationships.
Analysis of covariance was performed to control/
refine the SFA values. Significance was evaluated at
p < 0.05 level.

Results

The study was conducted with a total of 161 patients,
59 (36.7%) women and 102 (63.3%) men, aged
between 45 and 79 years. The mean age was 58.5 +
8.56 years. The cases were evaluated in two groups
as “Patient” (n = 83) and “Control” (n = 78). There was
no statistically significant difference between the two
groups in terms of descriptive characteristics (p > 0.05;
Table 1).

The pre-operative SFA, and SFA, measurements
were not statistically significantly different between

the groups (p > 0.05). In the pre-operative PFT mea-
surement analysis in both groups, fat thickness was
found to be lower in the patient group compared with
the control group; however, this difference was not
statistically significant (p > 0.05). In separate compari-
sons of both kidneys, fat thickness was found to be
lower in the patient group than in the control group
according to the PFT (PFT,) measured in the right
kidney and the PFT (PFT ) measured in the left kid-
ney; however, these differences were not statistically
significant (p > 0.05). After eliminating the effect of the
SFA, and SFA_ values in our study, the PFT measure-
ments were re-evaluated between the two groups;
however, no statistically significant difference was
found (p > 0.05; Table 1).

The analysis of the pre-operative PFHU measure-
ments revealed higher perirenal fat densities in the
patient group compared with the control group; this
difference was statistically significant (p < 0.0001). In
separate comparisons for both kidneys, perirenal fat
densities were found to be higher in the patient group
than in the control group according to the analysis of
the PFHU (PFHU,_) measured in the right kidney and
the PFHU (PFHU ) measured in the left kidney; these
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Table 1. Demographic data and the radiological measurements of
the participants among the groups

Data and Patient Control Total p
measurements (mean) (%) (mean) (%) (mean) (%)
Age 59.10+9.29 57.87+7.71 5850+856 0.451"
Sex
Male 54 (65) 102 (63) 48 (61) 0.643'
Female 29 (35) 59 (37) 30 (39)
BMI
<25 37 (45) 72 (45) 35 (45) 0.97"
> 25 46 (55) 89 (55) 43 (55)
HT
46 (55) 80 ( 34 (44) 0.133!
37 (45) 81 (50 44 (56)
DM
+ 24 (29) 40 (25) 16 (20)  0.218
59 (71) 121 (75) 62 (80)
SFA, 2565+879 2510+749 2538+8.17 06712
SFA, 61.96 + 16.28 59.61 + 13.64 60.82 + 15.06 0.325?
PFT 16.31+9.12 1778 +7.07 17.02+82 0.256°
PFT, 16,563 +9.41 1658 +7.01 16.04 £8.33 0.423°
PFT, 17.09 £ 10.05 1899 +8.07 18.01+9.17 0.1872
PFHU -92.63 + 6.43-103.63 + 7.03 -97.96 + 8.68 0.00012*
PFHU, -92.88 + 8.55-103.03 £ 8.06 -97.8 £ 9.73 0.0001>
PFHU, -92.38 £ 8.47-104.24 + 7.99-98.13 + 10.140.0001%

"Mann-Whitney U-test.

2t-test.

"p <0.05

BMI: body mass index; HT: hypertension; DM: diabetes mellitus; SFA: subcutaneous fat
area; SFA,: subcutaneous fat area of abdomen; SFA,: subcutaneous fat area of pelvis;
PFT: perirenal fat thickness; PFT_: perirenal fat thickness of right kidney; PFT,: perirenal
fat thickness of left kidney; PFHU: kounsfield unit of perirenal Fat; PFHU,: hounsfield unit
of right kidney perirenal fat; PFHU, : hounsfield unit of left kidney perirenal fat.

Table 2. Histopathologic data of the patient group

Characteristics Tumor Location p
L (%) R (%)
T Stage
1 36 (64) 20 (36) 0.059'
2 5(42) 7 (58)
3 5(33) 10 (67)
Fuhrman Grade
1 7 (64) 4(36) 0.587!
2 26 (51) 25 (49)
3 13 (62) 8(38)
Tumor necrosis
+ 15 (71) 6(29) 0.088!
- 31(50) 31 (50)
Sarcomatoid component
+ 1(50) 1(50) 0.99°
- 45 (56) 36 (44)

'Ki-Kare test.
2Fisher's exact test.

differences were statistically significant (p < 0.0001;
Table 1).

The histopathologic data of the patient group are
shown in table 2. According to T staging, the rates of
stage 1, 2, and 3 were 67.5%, 14.5%, and 18%,
respectively. Fuhrman grades 1, 2, and 3 were 11%,
51%, and 21%, respectively. Tumor necrosis was posi-
tive in 21% of patients and sarcomatoid component
was positive in 2.5%. T stages, Fuhrman grades,
tumor necrosis, and presence or absence of the sar-
comatoid component were not significantly different in
the analysis of the tumor formation sides (left/right)
(p > 0.05) (Table 2).

In the analysis of radiologic measurements
(Table 3), there was no statistically significant differ-
ence between the right and left kidney for the SFA
SFA, and PFHU values in the patient group (p > 0.05):
There was a statistically significant difference
between the PFT and PFT, in both patient and control
groups (p < 0.0001). In the patient group, the mea-
surement of the tumor side and in the control group
and the mean of the measurements of the right and
left sides were taken for further comparison. While
the difference in the PFT measurements between the
two groups was not statistically significant, the differ-
ence in the PFHU measurements was statistically
significant (p = 0.0001).

The PFHU measurement was found to be highly
differentiative for the patient group, the cutoff point
was set as -98.1 and the participants were divided
into two groups. Those with a PFHU value < -98.1
had 6.7 times more risk than those with a PFHU value
< -98.1 (Exp(B) = 6.725; 95% confidence interval [Cl]
4.2-10.6 p < 0.0001). A cutoff value of -98.1 for the
PFHU can identify the patient group with a sensitivity
of 89.2% and a specificity of 84.6% (area under the
curve = 0.9; 95% CI: 0.86-0.95 p < 0.0001) (Fig. 4).
In multivariate logistic regression analysis, a PFHU
> -98.1 was independently associated with RCC
after clinical and radiological parameters were added
to the analysis.

Discussion

The relationship between ccRCC, the most common
histologic subtype of RCC, and obesity has been
emphasized in previous studies'®"”. Obesity is highly
associated with an increased risk of RCC develop-
ment; therefore, it is considered to be one of the best
known etiologic factors of RCC®®. A high BMI appears
to be associated with poor survival outcomes in both



Table 3. Data on radiological measurement

Outcomes L R p
SFA, 26.05 £ 9.14 25.15 £ 8.45 0.647"
SFA, 61.71 £ 16.64 62.27 + 16.05 0.877
PFT
Patient 17.09 + 10.05 156,563 + 9.41 0.04%*
Control 18.99 + 8.07 16.58 + 7.01 0.001%*
PFHU
Patient -92.38 + 8.47 -92.88 + 8.55 0.6852
Control -104.24 + 7.99 -103.03 + 8.06 0.1722

"t-test.

2paired sample t-test.

*p < 0.05.

SFA,: subcutaneous fat area of abdomen; SFA,: subcutaneous fat area of pelvis;
PF%rirenal fat thickness; PFHU: hounsfield unit of perirenal fat.
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Figure 4. Cutoff point determination for perirenal fat thickness houn-
sfield unit in radiologic imaging of renal cell carcinoma.

non-metastatic and metastatic RCC'™'°. There are
also studies on the role of body composition indices
measured on cross-sectional imaging, such as sarco-
penia and fat accumulation, in the prognosis of
RCCZO,21_

Visceral and subcutaneous fat thickness measure-
ments are quantitative methods calculated on CT.
These measurements, which have been emphasized
recently, may provide more objective results than BMI.
The visceral fat, which increases with age, has been
shown to increase the risk of metabolic diseases as
well as prostate cancer (PCa) in men?. Another study
showed that PCa patients with higher periprostatic fat
levels had more aggressive PCa?. In studies on RCC,
Zhu et al. reported a positive correlation between the
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percentage of visceral adipose tissue and the Fuhrman
tumor grade®. Huang et al. revealed that high visceral
fat accumulation played a positive role on the progres-
sion of ccRCC'®. On the contrary, there are also stud-
ies reporting that high visceral fat deposition is
associated with relatively long cancer-specific survival
in RCC patients’.

Perirenal fat accumulation is an ectopic fat accumu-
lation and has been reported to be associated with
high diastolic blood pressure, diabetes mellitus, meta-
bolic syndrome, and chronic renal failure®>%. In 2012,
Okhunov et al. revealed that perirenal fat accumula-
tion was an important predictor of ccRCC
histopathology®. They showed that WNT signaling
pathway-related factors secreted from perirenal adi-
pose tissue affected the oncogenic pathways critical
for ccRCC (migration of ACHN and CaKi-2 cells) and
promoted the progression of local ccRCC to locally
advanced (T3 stage) disease’. Huang et al. reported
that the high PFT was associated with lower progres-
sion-free survival for ccRCC in both sexes™. In our
study, we compared the images of histologically con-
firmed ccRCC patients with those of control group
participants who were equivalent to them in terms of
descriptive characteristics such as age, gender, BMI,
and comorbidity (we measured the PFT using the
technique described by Okhunov et al. and Huang et
al., due to the lack of any standardized measurement
method). The PFT was lower in the patient group
compared with the control group; however, this differ-
ence was not statistically significant. The PFT was
again compared by separating the right and left kid-
neys according to the side of the cancerous kidney,
and again the PFT was found to be lower in the patient
group. The PFT measurements were re-evaluated by
eliminating the effect of the SFA, and SFA, values;
however, again, no statistically significant difference
was found. The PFT measurements for both genders
were compared again separately; no significant differ-
ence was found between the PFTs for male and
female genders in all cases and in the control group.
However, the mean PFT measurement of women in
the patient group was statistically significantly lower
(13.2 £79, 17.9 £ 9.3; p = 0.023).

So far, most studies on the perirenal fat have
focused on the thickness and volume of the adipose
tissue'®?”. However, several experimental studies sug-
gest that the fat quality (HU) measurements may also
be important?®2°, They have shown that a lower HU is
associated with an adipose tissue containing higher
levels of lipid content and the range of HU typically
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attributed to fat is in the range of -195 to -45%". The
fat depots with higher lipid content and lipolytic activ-
ity can cause endothelial dysfunction and high insulin
resistance®. These studies also suggest that adipo-
cyte hypertrophy is associated with vascularity;
decreased perfusion may lead to hypoxia and inflam-
mation in adipose tissue®'.

In characterization of the renal masses, the CT still
remains as the first-line imaging modality2. Based on
the above mentioned studies, we think that the peri-
renal fat tissue density (PFHU), which can be easily
measured by non-contrast CT, may be associated with
RCC independently of the abdominal adipose tissue.
In our study, the mean PFHU value of the RCC group
was significantly higher than that of the control group
(-92.6 + 6.4 vs. -103.6 + 7; p = 0.0001). Right and left
kidney measurements were also compared and simi-
lar results were obtained. In our study, gender-specific
PFHU was also evaluated; the mean PFHU value for
males was found to be higher (denser) in both the
patient group and the control group, but this difference
was not significant. According to the results of our
study, those with a PFHU value < -98.1 were 6.7 times
more likely to have RCC than those with a PFHU value
> -98.1. In multivariate logistic regression analysis, a
PFHU > -98.1 was independently associated with
RCC after accounting for clinical and radiologic
parameters.

The main limitations of our study are its retrospec-
tive nature, relatively small sample size and the lack
of survival analysis. Second, only histologically con-
firmed localized ccRCC patients were included in this
study, as the numbers of patients with other histologi-
cal subtypes were not sufficient for statistical study.
Third, our study may not include different ethnic
groups. However, to our knowledge, our study is the
first to examine the association between the PFHU
and ccRCC, in English literature.

Conclusion

Although potential mechanisms for the association
of the perirenal adipose tissue thickness with RCC
are known, its exact role remains unclear. We sug-
gest that the measurement of the perirenal adipose
tissue HU by CT may be useful in differentiating the
aggressive renal masses and therefore in determin-
ing the appropriate treatment selection. The effects
of the PFT and PFHU need to be clarified by further
research.
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Abstract

Objective: To investigate the different impacts of neoadjuvant chemotherapy (NCT) and neoadjuvant chemoradiotherapy
(NCRT) on anastomotic leakage after esophageal cancer resection. Methods: The data of three clinical studies (222 patients)
launched were retrospectively collected, including 113 patients in the NCRT group and 109 patients in the NCT group. The
NCT group received platinum-based doublet chemotherapy once every 3-4 weeks, whereas the NCRT group received
platinum-based doublet chemotherapy weekly (taxane-containing regimen) or once every 3-4 weeks (5-Fu-containing regimen)
concurrently with thoracic radiotherapy. After neoadjuvant therapy, all patients underwent Ivor-Lewis or McKeown esophagectomy.
The study compared the pathologic complete remission (pCR) rate, 30-day post-operative mortality rate, incidence of anasto-
motic leakage, post-operative complications, and survival rates between the two groups. Results: The pCR rate, 30-day post-
operative mortality rate, and the incidence of anastomotic leakage were 39.8% versus 5.5% (p < 0.001), 2.7% versus 0%
(p = 0.043), and 28.3% versus 5.5% (p < 0.001) in the NCRT group and NCT group, respectively. Multivariate analysis showed
that only NCRT significantly increased the incidence of anastomotic leakage (odds ratio 7.28, 95% confidence interval 2.44-
21.78, p < 0.001). Conclusions: The results show that NCRT can improve the pathological response rate but will increase
the incidence of anastomotic leakage. Radiation dose-volume parameters were not associated with anastomotic leakage risk.

Keywords: Malignant esophageal tumor. Neoadjuvant therapy. Anastomotic leak. Risk factors. Chemoradiation.
Resumen

Objetivo: Investigar el diferente impacto de la quimioterapia neoadyuvante (QTN) y la quimiorradioterapia neoadyuvante
(QRTN) en la fuga anastomdtica después de la reseccion de cancer de eséfago. Métodos: Se recopilaron retrospectivamente
los datos de tres estudios clinicos (222 pacientes), incluyendo 113 pacientes en el grupo de QRTN y 109 pacientes en el
grupo de QTN. El grupo de QTN recibioé quimioterapia de doblete a base de platino una vez cada 3-4 semanas, mientras que
el grupo de QRTN recibié quimioterapia de doblete a base de platino semanal (régimen que contiene taxano) o una vez cada
3-4 semanas (régimen que contiene 5-fluorouracilo) de forma concurrente con radioterapia tordcica. Después del tratamiento
neoadyuvante, todos los pacientes se sometieron a esofagectomia de Ivor-Lewis o McKeown. El estudio compard las tasas
de remision completa patoldgica, mortalidad posoperatoria a 30 dias, incidencia de fuga de anastomosis, complicaciones
posoperatorias y tasas de supervivencia entre los dos grupos. Resultados: Las tasas de remision completa patoldgica,
mortalidad posoperatoria a 30 dias e incidencia de fuga de anastomosis fueron del 39.8% frente al 5.5% (p < 0.001), del 2.7%
frente al 0% (p = 0.043) y del 28.3% frente al 5.5% (p < 0.001) en el grupo de QRTN y en el grupo de QTN, respectivamente.
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El anélisis multivariado mostro que solo la QRTN aumento significativamente la incidencia de fuga anastomdtica (OR: 7.28;
IC 95%: 2.44-21.78; p < 0.001). Conclusiones: Los resultados muestran que la QRTN puede mejorar la tasa de respuesta
patoldgica, pero aumentando la incidencia de fuga anastomdtica. Los pardmetros de dosis-volumen de radiacion no estuvieron

asociados con el riesgo de fuga anastomdtica.

Palabras clave: Tumor maligno de esdfago. Tratamiento neoadyuvante. Fuga de anastomosis. Factores de riesgo.

Quimiorradioterapia.

|ntroduction

Esophageal carcinoma has a poor prognosis after
surgery alone, neoadjuvant chemoradiotherapy
(NCRT) is currently considered the standard care for
locally advanced esophageal carcinoma'2. Neoadju-
vant chemotherapy (NCT) is also a common practice
in multimodality treatment due to the fear of excessive
toxicity associated with NCRT, especially after the
JCOG1109 NEXT study® and the CMISG1701 trial*.
Neoadjuvant therapy may increase the incidence of
post-operative complications and even mortality®.
Anastomotic leakage refers to the rupture of the anas-
tomosis after esophageal cancer (EC) surgery, result-
ing in the leakage of gastric contents®. It is one of the
most common complications after EC surgery and can
lead to serious infection and even death. Radiation
therapy in NCRT can damage tissue, affect wound
healing, and increase the risk of anastomotic leakage.
In addition, NCRT may lead to malnutrition, affect the
patient’s immune function, increase the risk of infec-
tion, and thereby increase the risk of anastomotic
leakage’. Studies have shown that anastomotic leak-
age is closely related to both tumor recurrence and
poor survival®®. However, the impact of different neo-
adjuvant treatment patterns on anastomotic leakage
is not well studied.

Radiotherapy can cause damage to microvessels
and has a negative effect on irradiated tissue healing.
Theoretically, the incidence of anastomotic leakage
may be increased when radiotherapy is added to NCT,
but rare data were reported from past studies. Most
of the studies involve the comparison of anastomotic
complications between NCRT and surgery alone, and
the conclusions are inconsistent. Some studies have
reported a higher incidence of anastomotic leakage in
the NCRT group, whereas others have found no sig-
nificant difference compared with surgery alone. This
inconsistency may arise from variations in study
design, patient populations, surgical techniques, and
definitions of anastomotic leakage™™. Unlike EC in

Western countries, which has a high prevalence of
esophagogastric junction adenocarcinoma, esopha-
geal squamous cell carcinoma (ESCC) is the most
common pathological type in East Asia, and most of
the lesions are located in the upper middle portion of
the chest. As a result, the radiation field is more closely
related to the anastomotic region. In addition, the opti-
mal radiation dose of NCRT has not yet been deter-
mined. In recent years, great progress has also been
made in the technology of radiotherapy. Based on the
above reasons, the risk factors for anastomotic leakage
in multimodality treatment should be re-analyzed.

Therefore, clinical data from three prospective trials
in neoadjuvant therapy were collected to evaluate
whether adding radiotherapy to NCT would increase
the incidence of anastomotic leakage, and the effect
of radiation dose-volume parameters on rates of anas-
tomotic leakage was also analyzed.

Methods
Clinical data

This study is a retrospective study. A total of
222 cases of clinical data from three prospective clini-
cal studies (NCT01258192, NCT01463501, and
NCT03381651) from February 2013 to December 2017
were selected. According to the choice of treatment,
the NCT group formed the control group (n = 109),
and the NRCT group formed the observation group (n
= 113). The pre-treatment evaluation included chest
and upper abdominal enhanced computed tomogra-
phy (CT) scan and cervical B-ultrasound. Informed
consent was waived due to the retrospective nature
of the study.

Main inclusion criteria: (1) ECOG PS 0-1; (2) oper-
able or potentially operable (cT2-4NO or cN1) thoracic
ESCC; (3) number of NCT cycles = 2; (4) Ivor-Lewis
esophagectomy or McKeown esophagectomy (open or
laparoscopic) was mandatory; (5) intensity-modulated
radiation therapy (IMRT) was mandatory. Exclusion
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criteria: (1) salvage esophagectomy after chemoradio-
therapy; (2) prophylactic cervical lymph node dissec-
tion; (3) jejunal or colon interposition for esophageal
replacement; (4) exclude patients with chronic diseases
such as malnutrition, diabetes, hypertension, coronary
heart disease; (5) exclude patients who have received
other anti-tumor treatments.

Data collection

The following data were collected: age, gender
(male/female), smoking history (yes/no), drinking
(yes/no), lesion location (upper/middle lower of the
chest), lesion length, body mass index (BMI) before
neoadjuvant treatment, types of neoadjuvant
therapy (NCRT/NCT), time from the end of neoadjuvant
therapy to surgery, pre-operative BMI, surgical approach
(laparoscopic/open), intraoperative blood loss, anasto-
motic location (cervical/thoracic), residual esophageal
length, degree of pathological remission (complete/
incomplete), 30-day post-operative mortality rate, radia-
tion prescribed dose, residual esophageal dose (maxi-
mum dose and average dose), and anastomotic region
dose-volume parameters (V10, V20, V30, V40, V50,
average dose, and maximum dose).

Treatment
NEOADJUVANT THERAPY

The platinum-based doublet chemotherapy regimen
was delivered once every 3-4 weeks in the
NCT group, and few patients received a platinum-
based triplet regimen™'. In the NCRT group,
platinum-containing doublet chemotherapy was given
weekly (taxane-containing regimen) or once 3-4 weeks
(5-Fu-containing regimen) concurrently with thoracic
radiotherapy. IMRT was delivered in all patients, GTV
included primary tumor and metastatic lymph node
(> 5-10 mm in maximum diameter), which was con-
toured on the planning CT scans. The PTV was
defined as GTV plus a 3-4 cm margin superior and
inferior to the primary tumor and a 1-1.5 cm radial
margin. For patients with lesions in the upper chest
or lymph node metastasis in the superior mediasti-
num, prophylactic irradiation of para-recurrent laryn-
geal nerve lymph chain and lower neck lymph node
was preferred, but the cervical esophagus and the
bilateral lower neck should be protected from radiation

as much as possible. The radiation dose was
40-50.4 Gy at 1.8-2 Gy per fraction.

Delineation of the residual esophagus and anasto-
motic region, and evaluation of dosimetry: a diagnostic
CT scan which was performed within half a year after
surgery with the same body position and layer thickness
as planning CT scan was selected. Anastomosis was
recognized in diagnostic CT slices through anastomosis
staples and was uniformly expanded by 5 mm to create
a so-called “anastomotic region,” which was then cop-
ied to the corresponding planning CT image. Delinea-
tion of the residual esophagus: the upper boundary was
at the level of the cricothyroid membrane, and the lower
boundary was at the level of the anastomotic region. To
reduce the contour error, the delineation of the anasto-
motic region and residual esophagus were all com-
pleted by the first author. The evaluation of anastomotic
region dose-volume parameters included V10, V20,
V30, V40, V50, mean dose, and maximum dose. The
evaluation of residual esophageal dose included the
maximum dose and mean dose. The length of the resid-
ual esophagus was measured on the CT slice.

SURGERY

Ivor-Lewis esophagectomy or McKeown esopha-
gectomy was performed around 1.5 months after the
completion of neoadjuvant therapy. Laparoscopic
resection was also allowed. Jejunal or colon interposi-
tion for esophageal replacement was not allowed.

Definition of anastomotic leakage

Esophageal-gastric anastomotic leakage was diag-
nosed through clinical and/or adjuvant examination,
including esophagography, digestive endoscopy, and
diagnostic CT. The incidence of anastomotic leakage
is usually highest within 5-7 days after surgery, but it
also occurs in approximately 12% of patients 30 days
after surgery. Therefore, we followed up with patients
after surgery for EC for 60 days to monitor the occur-
rence of anastomotic leakage™.

Definition of pathologic complete
remission (pCR) rate

In patients with EC, the pCR rate usually refers to
surgical resection after NCT or chemoradiotherapy,
and pathological examination finds no residual tumor,
including carcinoma in situ and invasive carcinoma.
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PCR is one of the important indicators to evaluate the
effect of neoadjuvant therapy for EC.

Statistical analysis

Detailed statistical analysis of the collected data
was conducted using Statistical Package for Social
Sciences 18.0 statistical software. Continuous numeri-
cal variables that conform to normal distribution are
statistically described by mean standard deviation
(x s), and a two-sample t-test is used for comparison
between groups. Numerical variables that do not con-
form to the normal distribution are described by
median (minimum-maximum), and Mann-Whitney U
test is used for comparison between groups. Categori-
cal data were statistically described using the number
of cases (%), and X2 tests were used for comparisons
between groups. Univariable logistic regression model
and multivariable Cox regression model analysis were
used to evaluate risk factors associated with anasto-
motic leakage. P < 0.05 indicates that the difference
is statistically significant.

Results
General information description

About 113 patients received NCRT, and 109 received
NCT. The median age was 60 years (42-77 years old).
There were 60 cases in stage lIA, 26 cases in stage
[1B, 122 cases in stage Ill, and 14 cases in stage IVA.
Among them, 38 (17.1%) patients had lesions in the
upper thoracic region, 144 (64.9%) in the middle tho-
racic region, and 40 (18.0%) in the lower thoracic
region. Compared with the NCT group, patients in the
NCRT group had younger ages, longer time from the
end of neoadjuvant therapy to surgery, shorter resid-
ual esophagus, less blood loss, and more laparo-
scopic surgery (Table 1). The dose of radiation was
between 3,400 to 5,220 cGy (median radiation dose
was 4,500 cGy). 89% of patients received taxane +
platinum chemotherapy regimen, and other regimens
included 5-Fu+platinum, NVB+ platinum.

Post-operative results between NCRT
group and NCT group

The pathological complete remission rate (pCR) in
the NCRT group and NCT group was 39.8% and
5.5%, respectively (p < 0.001), and the 30-day

post-operative morality was 2.7% and 0%, respec-
tively, the log-rank test showed that there was a sig-
nificant difference in survival between the two groups
(p = 0.019). One patient in the NCRT group died from
major bleeding caused by anastomotic leakage
(Table 2).

About 38 patients had a post-operative anastomotic
leakage, 27 of which were diagnosed by clinical plus
adjuvant examination, nine were diagnosed according
to clinical examination, and two were confirmed by
adjuvant examination. The median time of leakage
occurrence after surgery was 13 days (4 days-
57 days). The incidence of anastomotic leakage in the
NCRT group and NCT group was 28.3% and 5.5%,
respectively, with a statistically significant difference
(p < 0.001) (Table 2).

Univariate and multivariate analysis of
clinicopathologic factors associated with
anastomotic leakage incidence in whole

group

Univariate analysis showed that NCRT (p < 0.001),
cervical anastomosis (p = 0.002), laparoscopic sur-
gery (p = 0.017), longer time from the end of neoad-
juvant therapy to surgery (p = 0.010), and shorter
residual esophageal length (p = 0.001) were signifi-
cantly associated with the risk of anastomotic leak-
age. The multivariate analysis showed that NCRT was
an independent risk factor for anastomotic leakage
(odds ratio 7.28, 95% confidence interval 2.44-21.78,
p < 0.001). However, this study only included patients
in the NCT and NCRT groups, and the impact of other
factors on anastomotic leakage requires further study
(Table 3).

Univariate and multivariate analysis of
risk factors associated with anastomotic
leakage in NCRT group

Further analysis of the dosimetry parameters
related to anastomotic leakage in the NCRT group
found no significant association between anasto-
motic leakage incidence and the radiation prescribed
dose, anastomotic region dose-volume parameters
(V10, V20, V30, V40, V50, mean dose, and maximum
dose), and residual esophageal dose (mean dose
and maximum dose) based on univariate and multi-
variate analysis (Table 4).
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Table 1. Baseline characteristics between NCRT group and NCT group

Characteristics NCRT (n = 113) NCT (n = 109) u/X? p

Gender, n (%) 0.005 0.944
Male 106 (93.8) 102 (93.6)
Female 7(6.2) 7(6.4)

Smoking, n (%) 0.059 0.808
Yes 84 (74.3) 84 (77.1)
No 29 (25.7) 25(22.9)

Drinking, n (%) 0.073 0.797
Yes 89 (78. 85(78.0)
No 24 (21.2 23(21.1)

Lesion location, n (%) 0.055 0.815
Upper chest 20 (17.7) 18 (16.5)
Middle-lower chest 93(82.3 91(835

cTNM stage, n (%) 1.348 0.717
A 27 (23.9) 33(30.3)
1B 13 (11.5) 13 (11.9)
Il 66 (58.4) 56 (51.4)
IVA 7(6.2) 7(6.4)

Surgery approach, n (%) 51.061 0.000
Open 45(39.8) 94 (86.2)
Laparoscopic 68 (60.2) 15(13.8)

Anastomotic location, n (%) 110.47 0.000
Cervical 113 (100) 37(33.9)
Intrathoracic 0(0) 72 (66.1)
Median age (years) 59 (42-77) 61(43-73) 8.371 0.009
Lesion length (cm), mean + SE 6.05+0.18 594 +0.23 0.427 0.191
BMI before neoadjuvant therapies (kg/m?), mean + SE 21.82+0.27 22.23 £ 0.27 0.401 0.204
Median time from the end of neoadjuvant therapy to surgery (days) 35 (15-80) 29 (11-55) 11.745 0.000
Pre-operative BMI (kg/m?), mean + SE 21.38 £ 0.29 22.00+0.23 2.355 0.060
Intraoperative blood loss (mL), mean + SE 219.42 + 13.61 240.54 + 17.03 3.597 0.034
Residual esophageal length (cm), mean + SE 3.76 + 0.09 6.25 £ 0.23 9.471 0.000

TNM stage 0.821 0.365
I 43 48
Il 70 61

T staging of tumor 0.427 0.514
T2 18 21
T3 95 88

c¢TNM: clinical tumor node metastasis; TNM: tumor node metastasis; BMI: body mass index; SE: standard error.

Table 2. Post-operative results between NCRT group and NCT group

Characteristics NCRT NCT X2 p
(n=113) (n=109)

RO, n (%) 106 (93.8) 105(96.3) 0.751 0.386
pCR, n (%) 45 (39.8) 6(5.5) 36.927 0.000
pTO, n (%) 61(54.0) 7(6.4) 59.063 0.000
pNO, n (%) 66 (58.4)  47(43.1) 5189 0.022
Anastomotic leakage, 32(28.3) 6(5.5) 20.354  0.000
n (%)

30-day post-operative 3(2.7) 0(0) - -

mortality rate, n (%)

NCT: neoadjuvant chemotherapy; NCRT: neoadjuvant chemoradiotherapy;
R0: macroscopic complete resection; pCR: pathologic complete remission;
pTO: pathologic TO; pNO: pathologic n0.

Discussion

This study compared the impact of NCT and NCRT
on anastomotic leakage after EC resection. The
results showed that compared with NCT, NCRT sig-
nificantly increased the rate of pCR but also increased
the incidence of anastomotic leakage. Multivariate
analysis confirmed that NCRT was an independent
risk factor for anastomotic leakage. Further dosimetry
analysis showed no significant association between
anastomotic leakage risk and radiation dose to the
residual esophagus and anastomotic region.

Our findings are similar to those of previous
studies®'5-23, For example, the CROSS study reported
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Table 3. Univariate and multivariate analysis of clinicopathologic factors associated with anastomotic leakage incidence in

whole group

Characteristics

Univariate analysis Multivariate analysis

OR 95% ClI p OR 95% ClI p
Gender, male/female 0.29 0.04-2.28 0.241
Smoking, yes/no 1.56 0.64-3.76 0.325
Drinking, yes/no 1.08 0.46-2.53 0.866
Tumor location, proximal third/middle-lower third 2.23 1.00-5.00 0.050
Type of neoadjuvant therapy, NCRT/NCT 7.51 3.01-18.75 < 0.001 7.28 2.44-21.78 < 0.001
Surgery approach, open/laparoscopic 0.43 0.21-0.86 0.017 0.47 0.33-1.17 0.144
Anastomosis location, cervical/thoracic 25.07 3.37-186.54 0.002 10.381 0.84-65.41 0.082
Age (years) 0.98 0.94-1.04 0.532
Lesion length (cm) 1.15 0.99 +1.33 0.068
BMI before neoadjuvant therapies (kg/m?) 0.94 0.83-1.06 0.301
Time from the end of neoadjuvant therapy to surgery (days) 1.04 1.01-1.07 0.010 1.28 0.87-1.36 0.085
Pre-operative BMI (kg/m?) 0.98 0.87-1.11 0.767
Intraoperative blood loss (mL) 1.00 1.00-1.00 0.288
Residual esophageal length (cm) 0.71 0.58-0.87 0.001 0.62 0.64-1.22 0.064

OR: odds ratio; Cl: confidence interval; BMI: body mass index

an anastomotic leakage rate of 22% in the NCRT
group?. A retrospective study of 686 ESCC patients in
Japan showed that the incidences of anastomotic
leakage were 27.9% in the NCRT group (376 patients
with a radiation dose of 30-42 Gy) and 16.5% in the
surgery group (310 patients)®. The incidence of anas-
tomotic leakage in the NCT group was similar to that
reported in the surgery-alone groups in other stud-
ies'™®, suggesting that NCT does not significantly
increase the incidence of anastomotic leakage.

The current results suggest that factors other than
NCRT and tumor size may contribute to anastomotic
leakage. Although the dose parameters V20, V30, and
V40 have been shown to be associated with anasto-
motic leakage, the underlying mechanisms are
unclear. Patient-specific factors such as comorbidities
or nutritional status may play a role. The surgical tech-
nique itself, such as the type of anastomosis or the
use of drains, may also have an impact.

The relationship between radiation dose and anas-
tomotic leakage is more complicated. Despite the high
pre-operative radiation dose given (50.4 Gy/28 F), the
CALGB9781 study reported a low leakage incidence
of 8%22, which was similar to thatinthe NEOCRTEC5010

study (8.6%)'¢, but lower than that in the CROSS study
(22%)2. A lower irradiation dose was prescribed in
both NEOCRTEC 5010 (40Gy) and CROSS study
(41.4Gy). Our study also found a non-significant rela-
tionship between radiation dose and leakage. When
the influence of radiation dose on leakage was inves-
tigated, the relationship between radiation fields and
the location of anastomosis should also be consid-
ered. A retrospective study from MD Anderson
revealed that the incidence of anastomotic leakage
was 11% in NCRT (radiation dose: 50.4Gy/28F), and
the incidence of leakage was increased significantly
(39% vs. 2.6%) when the anastomosis was placed
within the pre-operative radiation field®*. Another
study from France showed that although the anasto-
mosis was within the radiation field, the leakage inci-
dence did not rise significantly when thoracic
anastomosis was performed". Since a wide range of
irradiation doses was delivered in NCRT and the spa-
tial relationship between the radiation field and the
anastomosis location was sometimes difficult to define
accurately, it is more reasonable to explore the rela-
tionship between radiation dose of the anastomotic
region and leakage incidence. Our results indicated
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Table 4. Univariate analysis of risk factors associated with
anastomotic leakage in NCRT group

Characteristics Univariate analysis

OR  95%Cl p
Gender, male/female 256 0.30-22.13  0.393
Smoking, yes/no 119 045-3.17 0727
Drinking, yes/no 1.44 0.54-3.84 0.461
Tumor location, proximal third/ 184 067-503 0.234

middle-lower third

Surgery approach, open/laparoscopic  1.13  0.50-257  0.773
Age (years) 1.02  1.00-1.09  0.427
Lesion length (cm) 115 094-142  0.181
BMI before neoadjuvant 099 0.86-1.13 0.846
therapies (kg/m?)
Time from the end of neoadjuvant 1.02 098-1.05 0.349
therapy to surgery (days)
Pre-operative BMI (kg/m?) 1.04 091-1.18  0.610
Intraoperative blood loss (mL) 1.00 1.00-1.01 0.038
Residual esophageal length (cm) 112 0.73-1.74  0.601
Anastomotic region
V10 1.00 0.99-1.01 0.893
V20 1.00 0.99-1.01 0.891
V30 1.00 0.99-1.01 0.592
V40 1.00 0.99-1.01 0.432
V50 0.99 0.99-1.01 0.298
Average dose 1.00 1.00-1.00 0.565
Maximum dose 100 1.00-1.00 0586
Residual esophagus
Average dose 1.00 1.00-1.00 0.586
Maximum dose 1.00 1.00-1.00 0.537
Radiation dose 100 1.00-1.00 0.968

NCRT: neoadjuvant chemoradiotherapy; OR: odds ratio; Cl: confidence interval;
BMI: body mass index.

that there was no significant relationship between the
dose-volume parameters of the anastomotic region
and leakage incidence. In MD Anderson’s study, the
anastomotic region should have been exposed to a
dose of = 50Gy in those patients whose anastomosis
was completely placed within the irradiation field. In
our study, we tried to protect the lower neck or cervi-
cal esophagus from being irradiated when a higher
dose was prescribed, and neck anastomosis was per-
formed in all patients receiving NCRT. Thus, the aver-
age dose in the anastomosis was only 37Gy, and V40,
V45, and V50 were 64%, 41%, and 22%, respectively,
suggesting that good communication between the

surgeon and radiotherapist is indispensable in irradia-
tion field design.

Our study had some limitations, as all retrospective
studies did. Although the anastomotic region was
delineated by the same investigator, there still might
be some deviations in identifying the location of the
anastomosis and delineating it on the corresponding
planning CT slices, especially for patients with manual
anastomosis. Moreover, mixed factors were thought
to work together in the development of leakage, pos-
ing some potential confounding factors that could not
be included in this retrospective analysis. Further-
more, the relatively few studies included in our analy-
sis may limit the generalizability of our findings. Future
studies of a larger sample size and a more diverse
patient population are needed to further validate our
results.

Conclusion

Our results confirmed that NCRT could improve the
pathologic response rate but also increase the inci-
dence of anastomotic leakage simultaneously. How-
ever, neither the prescribed radiation dose nor the
doses to the anastomotic site and residual esopha-
geal tissue were significantly associated with anasto-
motic leakage risk.
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Evaluation of mediastinal lymphadenopathy from long-term
radiological findings in COVID-19

Evaluacion de la linfadenopatia mediastinica a partir de hallazgos radiologicos a largo
plazo en COVID-19

Gulhan Ayhan-Albayrak*® and Mustafa |. Bardakci

Department of Chest Diseases, Sisli Hamidiye Etfal Training and Research Hospital, University of Health Sciences, Istanbul, Turkey

Abstract

Objective: Mediastinal lymphadenopathy (MLAP) has been reported in post-COVID-19 patients. In this study, the relationship
between post-COVID-19 infection and MLAP was investigated in patients who had been diagnosed with MLAP and decided
to undergo surgery. Methods: The study included the records of 140 patients who had been diagnosed with MLAP and were
decided for surgical treatment. Demographic findings, reverse transcription-polymerase chain reaction (PCR) test results, chest
X-ray, thorax computed tomography (CT) findings, positron emission tomography (PET)-CT findings, and histopathological
results were recorded. Results: SUV,, value above 2.5 was 15 times more common in patients with positive PCR test results
than in patients with negative results. Abnormal chest X-ray results were associated with a 9.3-fold increase in the number of
patients, and the number of patients with abnormal pathology results was 33.9 times higher than those with normal results.
Conclusions: Post-COVID-19 and MLAP (SUV,,, 3-5) were shown to be associated independently of age, gender, comor-
bidities, and disease outcomes. MLAP lesions in patients with COVID-19 demonstrated SUVmax values that were 10-fold
higher compared to patients without COVID-19. Determining reliable SUV,,, values in patients with severe COVID-19 may
help guide clinical decisions, tailor therapeutic approaches, and avoid unnecessary surgical indications.

Keywords: Mediastinal lymphadenopathy. SUV,,,. Surgical indication. Positron emission tomography. Post-COVID-19.
Resumen

Objetivo: Se ha informado linfadenopatia mediastinica en pacientes que se recuperan de COVID-19. Nuestro objetivo fue investigar
si la linfadenopatia mediastinica encontrada en pacientes con neumonia grave por COVID-19 al menos 6 meses después de la
infeccion estd asociada con la enfermedad. Métodos: El estudio incluyd los registros de 140 pacientes a quienes se les habia diag-
nosticado MLAP y se decidio que recibirian tratamiento quirdrgico. Los hallazgos demograficos se compararon mediante los resulta-
dos de RT-PCR, TC de tdrax y PET-CT. Resultados: Un valor de SUV,,,, superior a 2,5 fue 15 veces mas frecuente en pacientes
con resultados positivos en la prueba PCR que en aquellos con resultados negativos. Los resultados anormales en la radiografia de
térax se asociaron con un aumento de 9,3 veces en el nimero de pacientes, y el nimero de pacientes con resultados anormales
en las pruebas de anatomia patoldgica fue 33,9 veces mayor que el de aquellos con resultados normales. Conclusiones: Se demos-
tré que la presencia de MLAP (SUV,,,, 3-5) tras la COVID-19 se asocia independientemente de la edad, el sexo, las comorbilidades
y la evolucion de la enfermedad. Las lesiones de MLAP en pacientes con COVID-19 mostraron valores de SUV,,,, 10 veces supe-
riores a los de los pacientes sin COVID-19. Determinar valores fiables de SUV,,, en pacientes con COVID-19 grave puede ayudar
a orientar las decisiones clinicas, personalizar los enfoques terapéuticos y evitar indicaciones quirdrgicas innecesarias.

Palabras clave: Linfadenopatia mediastinica. SUV,,,,. Indicacion quirdrgica. Tomografia por emision de positrones. Post-COVID-19.
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|ntroduction

Mediastinal lymph node enlargement is a critical
computed tomography (CT) finding that can range
from benign to malignant in patients with respiratory
complaints and may require further examination.
Since the presence of mediastinal lymphadenopathy
(MLAP) is related to the severity of the disease in
post-COVID patients who have had and recovered
from severe COVID-19 infection, the presence of
MLAP should be carefully examined in subsequent
examinations, even in patients without lung involve-
ment on admission CT'. The detection of MLAP in
patients with idiopathic pulmonary fibrosis (IPF) is
thought to be a result of high-grade chronic inflamma-
tion, and a correlation between the severity of IPF
disease and MLAP has been shown in the literature?.

When the current literature on MLAP and COVID-19
were examined, studies were conducted in the acute
and active period of COVID-19 pneumonia. However,
in our study, MLAP in the controls was performed
6-12 months after the patients had COVID-19 pneumo-
nia. After suffering severe COVID-19 pneumonia, the
mediastinal lymph nodes begin to enlarge during acute
inflammation, which is considered a poor-prognosis
marker at that time. After 6 months, this turns into
chronic inflammation, and MLAP occurs. It is thought
that there may be a correlation between the severity
of chronic inflammation and mediastinal lymph node
enlargement in patients with severe COVID-19 pneu-
monia, just as in IPF.

MLAP can be caused by infectious or non-infectious
causes and is defined as a measurement of the lymph
node short axis = 10 mm. SUV,,, value = 2.5 was
defined as pathological MLAP3. The most common
atypical CT features of COVID-19 pneumonia are
MLAP, linear opacities, tree bud sign, interlobular and
intralobular septal thickening, cavitation, and pleural
effusion*. MLAP is frequently associated with benign
diseases such as heart failure, sarcoidosis, and dis-
eases accompanying malignant diseases. Although
MLAP is not the typical chest finding in COVID-19
pneumonia, it is associated with the prognosis of
COVID-19 patients. The mortality rate in hospitalized
COVID-19 patients with MLAP was found to be higher
than in those without MLAP, and it has been reported
in the literature that it should be investigated as a
prognostic factor for severe disease. The literature
shows a correlation between the severity of IPF dis-
ease and the presence of MLAP, suggesting that

MLAP results from severe chronic inflammation in
these patients'5®.

For MLAP, the size and number of lymph nodes are
essential for surgical treatment and follow-up. MLAP,
usually over 2 cm in size, should be closely monitored
regardless of the cause®. The radiological findings of
one of our patients are shown in figure 1.

COVID-19 is a respiratory disease caused by severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection. In this study, we aimed to determine whether
MLAP, which was detected in patients with severe
CQVID-19 pneumonia in the controls at least 6 months
after the disease (post-COVID-19 period), was related to
having the disease. If the detected MLAP formation is
determined to be secondary to COVID-19 pneumonia,
then immediate referral to the surgery clinic for further
examination may be unnecessary. At the same time, by
closely monitoring the patients in whom we detect MLAP,
we can protect them from surgical complications and not
be late in making the diagnosis.

Methods

This study was approved by the Ethical Committee of
the University of Health Sciences Sisli Hamidiye Etfal
Training and Research Hospital. Ethics Committee
approval was granted by our institution on September 06,
2022, protocol number 2137. It was conducted according
to the Declaration of Helsinki and Good Clinical Practice.
The authors have obtained the approval of the Ethics
Committee for the analysis and publication of clinical data
obtained routinely. The informed consent of the patients
was not required because it was a retrospective observa-
tional study. All procedures followed were in accordance
with the ethical standards of the responsible committee
on human experimentation (institutional and national) and
with the Helsinki Declaration of 1975, as revised in 2008.

Study population and data collection

Our study was a single-center, retrospective, case—
control study. Our study analyzed the data of
140 patients who applied to our hospital's Sisli
Hamidiye Etfal Training and Research Hospital Chest
Diseases Outpatient Clinic between January 01, 2022,
and August 01, 2022, and were reviewed retrospec-
tively. During etiological investigations, individuals
over 18 years old, regardless of gender, who applied
to our hospital’s chest diseases outpatient clinics with
the MLAP, who had not been diagnosed with lym-
phoma and sarcoidosis, immunodeficiency, cancer,
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Figure 1. A view from the chest radiograph of the patients*. A: a section with Hilar fullness from the chest X-ray findings of the patients.
B: a section from the mediastinal window view with mediastinal lymphadenopathy. C: a section with positive fluorodeoxyglucose from positron
emission tomography-computed tomography findings. *It was taken from the hospital file archives of the patients in our study, and their permis-

sion was obtained.

tuberculosis, asthma, chronic obstructive pulmonary
disease, and had no previous mediastinal pathology.
Patients with MLAP detected in thorax CT examina-
tions were included in the study. Patients with lung
and other malignancies, under 18 years of age, preg-
nant women, and patients who had image artifacts on
their CT scans were excluded from the study. A total
of 140 cases who were followed up in our clinic and
diagnosed with chest MLAP by CT were included in
the study. These cases were divided into two catego-
ries: 83 cases with COVID-19 who had COVID-19
pneumonia and recovered, and 57 cases without
COVID-19. The two categories were compared using
data obtained from demographic characteristics, clini-
cal findings, reverse transcription-polymerase chain
reaction (RT-PCR) results, chest radiography findings,
thorax CT findings, positron emission tomography
(PET)-CT findings, histopathological results, and
treatment approaches. Data were collected from the
hospital automation system and analyzed with Statisti-
cal Package for the Social Sciences (SPSS) 24.

Sample size

The sample of the study was determined as a total of
140 patients, at least 51 in both groups, with an effect
size of 0.40, a = 0.05, and power (1-b) = 0.85, using the
G-power program. There were two groups: 57 patients
without covid-19 and 83 patients with RT-PCR (+)

Image analysis

Demographic information, clinical findings, comor-
bidities, thorax CT, and PET-CT images were obtained

from hospital computer records and Picture Archiving
and Communication System. RT-PCR testing was
performed using nasopharyngeal or oropharyngeal
swabs using the Biospeedy SARS-CoV-2 Dual Gene
RT-gPCR Kit (Bioeksen). Chest CT scans were per-
formed with patients in the supine position, during last
inspiration, and without intravenous contrast adminis-
tration. The protocol included a peak voltage of 100 kV
and an effective milliampere-second setting of 20
mA-s, resulting in unenhanced chest CT scans. These
scans used a 512 x 512 pixel image matrix with 2 mm
thin sections taken in the axial plane.

In this study, adjustments were applied to the medias-
tinal windows (width: 400 HU; level: 100 HU) and lung
windows (width: 1500 HU; level: =500 HU). Tomography
findings were evaluated by two experienced radiologists
who agreed on the CO-RADS value. In routine axial CT
images, the short axis of the mediastinal lymph node
was measured, and if the short axis was 10 mm or more,
it was considered MLAP. When the SUVmax value was
> 2.5 in the PET-CT examination of patients diagnosed
with MLAP, fluorodeoxyglucose (FDG) uptake was con-
sidered pathological and was called “FDG positive”.

Statistical analysis

Patient data collected within the scope of the study
were analyzed with the IBM SPSS for Windows 23.0
(IBM Corp., Armonk, NY) package program. Frequency
and percentage were given for categorical data, and
median, minimum, and maximum descriptive values
for continuous data. The normality test of the data was
conducted with the Kolmogorov—Smirnov Test. In the
comparisons between the groups, the “Independent
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Table 1. Distribution of demographic characteristics of all patients according to MLPA (lymph node short axis, SUV,,,, value)

Characteristics Lymph node short axis p Suv,_. p
10-20 21-30 >30 <25 2.5-5.0 >5.0
(n=103) (n=27) (n=10) (n=22) (n=51) (n =49)
n (%) n (%) n (%) n (%) n (%) n (%)

Age (years) 0.553 0.432
18-64 62 (60.2) 19 (70.4) 7 (70) 16 (72.7) 33(64.7) 28 (57.1)

65-94 41(39.8) 8(29.6) 3(30) 6(27.3) 18 (35.3) 21(42.9

Gender 0.696 0.428
Male 64 (62.1) 15 (55.6) 7 (70) 16 (72.7) 29 (56.9) 29 (59.2)

Female 39 (37.9) 12 (44.4) 3(30) 6(27.3) 22 (43.1) 20 (40.8)

Smoking status 0.988 0.276
Smoker 44 (42.7) 13 (48.1) 4 (40) 13 (59.1) 22 (43.1) 20 (40.8)
Non-smoker 38(36.9) 9(33.3) 4 (40) 8(36.4) 21(41.2) 17 (34.7)

Ex-smoker 21 (20.4) 5(18.5) 2(20) 1(4.5) 8(15.7) 12 (24.5)

Symptoms 0.058 0.275

Dyspnea 17 (16.5) 1(3.7) 5 (50) 4(18.2) 5(9.8) 12 (24.5)
Chest pain 14 (13.6) 5(18.5) 1(10) 1(4.5) 9(17.6) 7(14.3)
Cough 61(59.2) 17 (63) 4 (40) 13 (59.1) 33(64.7) 26 (53.1)

Back pain 11(10.7) 4(14.8) 0(0) 4(18.2) 4(7.8) 4(8.2)

Concomitant disease 0.118 0.950
Asthma 36 (38.7) 4(15.4) 2(20) 5(27.8) 13 (26) 15 (34.1)

DM 7(7.5) 3(11.5) 0(0) 1(5.6) 5(10) 2(4.5)
GIS 5(5.4) 3(11.5) 2 (20) 2(11.1) 6 (12) 2(45)
HT 13 (14) 4(15.4) 1(10) 3(16.7) 7 (14) 8(18.2)
HD 6 (6.5) 2(7.7) 3(30) 2(11.1) 5(10) 3(6.8)
COPD 26 (28) 10 (38.5) 2 (20) 5(27.8) 14 (28) 14(31.8)

DM: diabetes mellitus; GISD: gastrointestinal system diseases; HT: hypertension; COPD: chronic obstructive pulmonary disease; HD: heart disease; MLAP: mediastinal lymphadenopathy.

Sample T-Test” was used for those with normal distri-
bution for the two groups, the “Mann-Whitney U Test”
for those who did not show normal distribution, and
the “Fisher’'s Exact Test or Chi-Square Test” was used
for the comparison of categorical variables. Logistic
regression analysis was used to examine the risk fac-
tors affecting the SUV,,, value of + 2.5. The results
were considered statistically significant when p < 0.05.

Results

A total of 140 patients, 38.6% (n = 54) female and
61.4% (n = 86) male, were included in the evaluation.
40.7% (n = 57) of the patients were diagnosed without
COVID-19, and 59.3% (n = 83) had positive RT-PCR test
results, and it was determined that they had COVID-19.
The distribution of demographic characteristics of all
patients according to MLAP (lymph node short axis,
SUV,,, value) is shown in table 1. When table 1 was
examined, no statistically significant difference was
detected between demographic characteristics and medi-
astinal lymph node short axis and SUV,,, values p > 0.05).

The distribution of demographic characteristics of
the patients with COVID-19 and without COVID-19 is
denoted in table 2. When the table was examined,
there was only a statistically significant difference
between the two groups regarding age (p < 0.05).

Significant differences were observed between the
two groups in all clinical findings (p < 0.05) (Table 3).
Peripheral lymphadenopathy was in the intra-abdom-
inal region in 24.1% (n = 20) of RT-PCR-positive with
COVID-19 patients and 3.5% (n = 2) of those without
COVID-19 patients (p < 0.001). Mediastinal width and
lymph node size were higher in COVID-19 patients
than in non-COVID-19 patients (p = 0.008; p < 0.001).
The pathology result of the majority of COVID-positive
patients with COVID-19 was benign (65%), whereas
this rate was 22.8% in patients without COViD-19
(p < 0.001). As a result, 77.2% of the patients without
COVID-19 PCR results regressed in the follow-up,
whereas this rate was 24.1% in the patients with
COViD-19 (p < 0.001).

Table 4 elaborates on the logistic regression analy-
sis results, examining the factors causing the SUV,,,
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Table 2. Distribution of demographic characteristics of patients
with COViD-19 and without COViD-19

Characteristics Total without with p
(n=140) COVID-19 COVID-19
(n=57) (n=83)
n (%) or n (%) or n (%) or
Median Median Median
(Min-Max) (Min-Max) (Min-Max)

Age (years) 61(20-94) 55(22-78) 62(20-94) 0.006

Gender 0.477
Male 86 (61.4) 33(57.9) 53(63.9)

Female 54 (38.6 24 (42.1) 30 (36.1)

Smoking status 0.115
Smoker 61(43.6) 25(43.9) 36 (43.4)
Non-smoker 51(36.4) 25(43.9) 26 (31.3)
Exsmoker 28 (20) 7(12.3) 21(25.3)

Symptoms 0.656
Dyspnea 23 (16.4) 8 (14) 15(18.1)

Chest pain 20 (14.3) 7(12.3) 13 (15.7)
Cough 82(58.6)  34(59.6) 48 (57.8)
Back pain 15(10.7) 8 (14) 7(8.4)

Concomitant disease 129 (92.1) 50 (87.7) 79(95.2) 0.122

Asthma 42 (32.6) 19 (38) 23(29.1)
DM 10(7.8) 5(10) 5(6.3)
GIS 10(7.8) 4(8) 6(7.6)
HT 18 (14) 8(16) 10 (12.7)
HD 11 (8.5) 2(4) 9(11.4)
COPD 38(29.5)  12(24) 26 (32.9)

DM: diabetes mellitus; GISD: gastrointestinal system diseases; HT: hypertension;
COPD: chronic obstructive pulmonary disease; HD: heart disease

value to be = 2.5 in the patients included in the study.
COVID-19 patients caused a 15-fold SUV__ value of
> 2.5. In addition, peripheral lymphadenopathy
caused a 3.9-fold SUVmax value of = 2.5, abnormal
chest X-rays caused a 9.3-fold SUVmax value of
> 2.5, and abnormal pathology results led to a
33.9-fold SUV, ., value of > 2.5.

The statistically significant variables in the univariate
model were re-evaluated in the multivariate model.
RT-PCR positivity with COViD-19 and abnormal pathol-
ogy findings were statistically significant. Accordingly, it
was determined that positive RT-PCR test results with
COVID-19 were 5.9 times higher than without COVID-19
outcomes, and abnormal pathology results were found
to be 13.4 times more frequently in SUV, ., value being
> 2.5 compared to normal samples.

max

Discussion

In the study, MLAP was detected in the 6-month
follow-up of patients with severe COVID-19, and the

aim was to evaluate the relationship between these
MLAP SUV,,, values and having COVID-19 disease.
While the frequency of MLAP in patients with COVID-19
pneumonia is 0-66% in the literature, the frequency
of MLAP in this study (965 patients with COVID-19
pneumonia were scanned, and MLAP was detected
in 83 and included in the study) was found to be
11.6%, similar to the literature'57.

Thorax tomography and PET-CT scans were per-
formed on our patients who applied to us with respira-
tory complaints at least 6 months to 1 year after
COVID-19, that is, during the post-COVID-19 patient
controls. Diagnostic PET-CT was performed in patients
with MLAP detected in thorax CT examination. In addi-
tion, we evaluated that MLAP size (SUV,,, value) and
FDG uptake are not associated with malignancy in
patients with severe COVID-19, but may be associated
with the severity of chronic inflammation.

Our results showed that mediastinal width and
lymph node size were higher in patients with COVID-19
than in those without COVID-19. The pathology result
of most COVID-19-positive patients was benign (65%),
whereas this rate was 22.8% in patients without
COVID-19. As a result, 77.2% of the patients without
COVID-19 regressed in the follow-up, whereas this
rate was 24.1% in the patients with COVID-19.

COVID-19-positive patients included in the study
increased the incidence of MLAP = 2.5 above the
SUV,,, value 15 times more than those without
COVID-19. In addition, detecting peripheral lymphade-
nopathy in PET-CT increased the incidence of
> 2.5 times above the SUV,,, value, 3.9 times more.
Abnormal chest X-rays of the patients increased the
incidence of > 2.5 above the SUV,,, value 9.3 times,
and abnormal pathology results increased the inci-
dence of = 2.5 above the SUV,,, value 33.9 times.

In our study, the chest X-ray findings of the patients
without COVID-19 were mostly expected. In contrast, the
chest X-ray of the patients with COVID-19-positive
patients was found to be more abnormal, resulting in
mediastinal enlargement and hilar lymphadenopa-
thies®'®. The most common thorax CT finding detected
in our study was M4R right lower paratracheal lymph
node enlargement. Pulmonary parenchyma findings
were deficient, and sequelae were reported as changes''.

Regarding the results of our study, the presence of
aggravated COVID-19 is linked with the occurrence of
MLAP. COVID-19-positive patients and abnormal
pathology results have indicated higher SUV,,,, val-
ues, thus the presence of lymphadenopathy. To date,
MLAP has been observed widely in COVID-19 (0-66%).
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Table 3. Distribution of clinical characteristics of patients with COViD-19 and without COViD-19

Characteristics Total Without COVID-19 With COVID-19 p
(n =140) (n=57) (n=83)
n (%) or Median n (%) or Median n (%) or Median
(Min-Max) (Min-Max) (Min-Max)

Peripheric LAP < 0.001
None 55(39.3) 35(61.4) 20 (24.1) < 0.001
Cervical 43(30.7) 15 (26.3) 28 (33.7) 0.454
Intraabdominal 22 (15.7) 2(3.5) 20 (24.1) < 0.001
Pelvic 4(2.9) 1(1.8) 3(3.6) 0.646
Diffuse 16 (11.4) 4(7) 12 (14.5) 0.276

Chest X-ray 0.002
Normal 78 (55.7) 42 (73.7) 36 (43.4) < 0.001
Enlarged mediastinum 50 (35.7) 13(22.8) 37 (44.6) 0.008
Hilar fulness 12 (8.6) 2(3.5) 10 (12) 0.122

Computerize tomografi 0.024
M2R right upper paratracheal 39 (27.9) 14 (24.6) 25 (30.1) 0.597
M3 prevascular 20 (14.3) 12 (21.1) 8(9.6) 0.099
M4R right lower paratracheal 39 (27.9) 21(36.8) 18 (21.7) 0.049
M4L lower left paratracheal 14 (10) 3(5.3) 11(13.3) 0.207
M7 subcarinal 28 (20) 7(12.3) 21(25.3) 0.093

Lymph node size (mm) 17 (10-51) 15 (10-44) 18 (10-51) < 0.001

SUV,a < 0.001
FDG (-) 18 (12.9) 15(26.3) 3(3.6) < 0.001
<25 22 (15.7) 18 (31.6) 4(4.8) < 0.001
2550 51(36.4) 15 (26.3) 36 (43.4) 0.039
>5.0 49 (35) 9(15.8) 40 (48.2) < 0.001

Pathology < 0.001
None 57 (40.7) 40 (70.2) 17 (20.5) <0.001
Benign 67 (47.9) 13 (22.8) 54 (65.1) < 0.001
Malign 16 (11.4) 4(7) 12 (14.5) 0.276

Pathology result < 0.001
Granulomatous lymphadenitis (benign) 20 (14.3) 4.(7) 16 (19.3) 0.073
Regressed at follow-up (benign) 64 (45.7) 44(77.2) 20 (24.1) < 0.001
Reactive lymph node (benign) 37 (26.4) 5(8.8) 32(38.6) < 0.001
Anthracosis (benign) 3(2.1) 0(0) 3(3.6) 0.271
Cancer metastasis (malignant) 16 (11.4) 4.(7) 12 (14.5) 0.276

LAP: lymphadenopathy; FDG: fluorodeoxyglucose.

However, it should be emphasized that not all lymph-
adenopathies are located in the mediastinal region. In
published case reports, two cases (both female) are
reported to have MLAP at the initial and repeated CT
scan on the 6" day (1/6/10R and 2R/4R/4L)'23,
However, there are controversial data on this sub-
ject. Bayramoglu et al. indicated the presence of
MLAP as 0-8.1% in their retrospective analysis™. In
another retrospective research, no MLAP was found
during pregnancy®. Grassi et al. found the incidence
of MLAP as 1.3% in a cohort of 80 patients from
Italy™. In two different studies (n = 418 and n = 134),
the rate of MLAP was reported as 18.2% and 54.8%'58,
Fang et al. did not detect any association between

MLAP and gender, age, cancer history, intensive care
unit (ICU) admission, length of hospital stays, and
laboratory parameters, but with cobblestone imaging
findings™. In a French study, Valette et al. published
that MLAP existed in six of nine individuals with
severe COVID-19 in the ICU%. Studies from Chinese
patients indicated the presence of MLAP at 43.5%,
41.7%, and 19.8%'921,

Kaya and Akman investigated the relationship
between MLAP and ICU hospitalization and mortality in
COVID-19 patients and found a statistical significance
between the three parameters®. They claimed that the
more severe findings on CT scans predict the progno-
sis. In addition, they stated that increased bronchial wall
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Table 4. Laboratory parameters affecting SUV,,,> 2.5

Characteristics Univariant Multivariant

Odds ratio p Odds ratio p

(95% Cl) (95% Cl)
Age 1.013 0.271
(0.990-1.037)
Gender
Male Reference
Female 1.690 0.190
(0.771-3.702)
RT-PCR
Negative Reference Reference
Positive 15.000 < 0.001 5.964 0.002
(5.856-38.058) (1.937-18.370)
Peripheric LAP
No Reference Reference
Yes 3.890 < 0.001 1.451 0.500
(1.801-8.398) (0.491-4.289)
Chest X-Ray
Normal Reference Reference
Abnormal 9.280 < 0.001 2,777 0.123
(3.355-25.662) (0.758-10.165)
Pathology Reference Reference
Normal 33.857 < 0.001 13.452 < 0.001
Abnormal (10.833-105.818) (3.864-46.831)

RT-PCR: reverse transcription-polymerase chain reaction; LAP: lymphadenopathy.

thickness was more common in patients with MLAP.
The mortality rate was higher in patients with MLAP'.

In another study, Satici et al.?2 reported that medi-
astinal lymphadenopathies were detected more in
elderly patients with comorbid diseases and were sig-
nificantly associated with mortality. The rate of MLAP
was 9.2% in the whole study population but 19.65%
in deceased individuals?'. Both studies declared that
the presence of MLAP led to increased mortality. Sim-
ilar to our findings, mediastinal lymph node involve-
ment has been an essential factor in COVID-19.

In the study of Bhatti et al.,”® MLAP was detected
in 131 (62.4%) of 210 patients included in the study.
Covid-19 patients with MLAP had a higher mean and
median severity score than those without MLAP. This
study documents the high prevalence of MLAP in
hospitalized COVID-19 patients and shows that the
severity score, which represents the more severe
course of the disease, is higher?.,

Limitations of our study

Since our study was retrospective, some laboratory
findings and respiratory function findings could not be

obtained. In this regard, a study can be organized to
investigate the laboratory findings showing the sever-
ity of chronic inflammation in patients with severe
COVID-19 pneumonia, respiratory functional charac-
teristics, and the relationship between radiological
imaging and MLAP features. Although this study is
a retrospective observational study and provides
valuable information about the potential etiology of
the disease, it typically cannot definitively determine
causality.

Conclusions

This study showed that severe COVID-19 and medi-
astinal lymph node involvement (SUV,,,: 3-5) were
associated regardless of age, gender, comorbidities,
and disease outcomes. Establishing reliable SUVMAX
values in severe post-COVID-19 patients will help
guide clinical decisions, adapt therapeutic approaches,
and avoid unnecessary surgical interventions for
patients with MLAP who require surgical diagnosis
and treatment, and will help these patients avoid sur-
gery complications.
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Abstract

Objective: Sinonasal papillomas are rare benign tumors. They challenge otorhinolaryngologists due to their high recurrence
rate and malignant transformation. The aim of this study was to investigate the clinical and demographic factors associated
with recurrence and/or malignancy of sinonasal papillomas. Methods: This retrospective study included 49 patients who were
operated on between 2014 and 2020. Clinical and demographic characteristics of the patients were retrieved from the patients’
records. Results: The recurrence rate was determined to be 12.2% and the malignancy rate was 8.2%. Recurrence was
significantly higher in females, the advanced stage (T3 and T4), and papillomas located in the maxillary sinus. The recurrence
rate was significantly lower in patients treated with the endoscopic surgery. Factors affecting malignancy were the presence
of dysplasia and extension out of the paranasal sinuses. Conclusions: The results of this study showed that the factors affect-
ing recurrence were gender, papilloma stage, type of surgery performed, and whether the tumor extended to the paranasal
sinuses.

Keywords: Sinonasal papilloma. Inverted papilloma. Paranasal sinus.
Resumen

Objetivo: Los papilomas sinonasales son tumores benignos poco frecuentes. Suponen un reto para los otorrinolaringélogos
por su elevada tasa de recurrencia y transformacion maligna. Investigar los factores clinicos y demograficos asociados con la
recurrencia y con la malignidad de los papilomas sinonasales. Métodos: Estudio retrospectivo que incluyd 49 pacientes ope-
rados entre 2014 y 2020. Las caracteristicas clinicas y demogrdficas se recuperaron de los registros de los pacientes.
Resultados: Se determind una tasa de recurrencia del 12.2% y una tasa de malignidad del 8.2%. La recurrencia fue signifi-
cativamente mayor en las mujeres, en los estadios avanzados (T3 y T4) y en los papilomas localizados en el seno maxilar.
La tasa de recidiva fue significativamente menor en los pacientes tratados con cirugia endoscdpica. Los factores que afecta-
ron a la malignidad fueron la presencia de displasia y la extension fuera de los senos paranasales. Conclusiones: Los
resultados de este estudio muestran que los factores que afectaron la recidiva fueron el sexo, el estadio del papiloma, el tipo
de cirugia realizada y si el tumor se extendia a los senos paranasales.

Palabras clave: Papiloma sinonasal. Papiloma invertido. Seno paranasal.
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|ntroduction

Sinonasal papillomas are benign tumors originating
from the Schneiderian membrane of the nasal cavity
and paranasal sinuses. There are three types of sino-
nasal papillomas; exophytic, oncocytic, and inverted,
with the latter being the most common type. The most
important features that distinguish inverted papilloma
(IP) from other benign sinonasal tumors are; high
recurrence, malignancy potential, and significant local
bone erosion'. The recurrence rate has been reported
to be between 15% and 20%?27. Recurrences usually
occur within the first 3 years after incomplete exci-
sions. IP may be histopathologically associated with
varying degrees of dysplasia, carcinoma in situ, and
squamous cell carcinoma (SCC)®. The malignancy
rate has been reported to be approximately 1.9-27%°%2.
Malignancy may coexist with the IP in the same lesion
or may develop years after excision of the
papilloma.

Many factors, including smoking, size of the papil-
loma, type of surgery, the presence of squamous
hyperplasia, high hyperkeratosis, increased mitosis,
HPV positivity, bilateral papilloma and localization of
IP have been associated with recurrence or malig-
nancy in the literature®'®, In the majority of case
series, the limited number of patients makes it difficult
to draw reliable conclusions from these data, as sino-
nasal papillomas are rare and it can take many years
to gather a large number of cases. Each institution
should share their experiences to increase the num-
ber of the patients to be able to make an additional
contribution to the literature on this subject. The aim
of this study was to investigate the clinical and demo-
graphic factors associated with recurrence and/or
malignancy in sinonasal papillomas. Furthermore,
with the results obtained from this study, it was aimed
to contribute to the pool of knowledge on this subject,
which has many controversies and uncertainties.

Methods

The study was initiated following the approval of the
University of Health Sciences, Diskapi Yildirim Beyazit
Training and Research Hospital Clinical Research
Ethics Committee (Date: September 21, 2020, Num-
ber: 96/6). The study cohort included 61 patients who
underwent surgery for sinonasal papilloma between
2014 and 2020. After the exclusion of 12 patients who
were first operated on another center or who did not

Z. Kiicliktag et al. Sinonasal papillomas

have complete follow-up data, the analyses were com-
pleted with 49 patients. The parameters evaluated in
this study were patient age, gender, smoking and
alcohol consumption, follow-up time, type of surgery,
papilloma side and localization of origin, the presence
extranasal extension, the type and stage of the papil-
loma, and recurrence and malignancy rates. The
Krouse Staging System's was used for staging. The
stage, localisation, origin, and invasion site of papil-
lomas were determined according to the intraopera-
tive findings and paranasal sinus tomography images.

The post-operative regular follow-up examinations
included nasal endoscopic examination every
3 months in the 1st year, every 6 months in the
2" year, and annually thereafter for up to 7 years. In
the follow-up examinations, all cavities and sinuses
were checked with straight and angled telescopes. In
cases with suspicious lesions in the frontal sinus or
in the anterior wall of the maxillary sinus, imaging was
performed to view the areas that could not be seen
with endoscopy. Patients with suspicious lesions iden-
tified in endoscopic examination underwent biopsies.

The Chi-square test was used in the statistical anal-
ysis. Parameters with a p < 0.05 were considered
statistically significant.

Results

Demographic and clinical parameters of
patients

The patients comprised 43 (87.8%) males and
6 (12.2%) females with a mean age of 48.96 +
15.9 years (Range, 15-78 years) and a mean follow-up
period of 39.16 + 20.4 months (Range, 8-88 months).
The demographic and clinical parameters of the
patients are summarized in table 1.

Factors associated with recurrence

The overall recurrence rate of this cohort was
12.2%. The earliest time to recurrence was 9 months,
and the latest was 72 months (Mean, 39.5 =+
21.6 months). All recurrences occurred in the same
localisation as the original tumor. The relationships
between the demographic and clinical parameters and
recurrence are shown in table 2. Recurrence was
observed in 7% of male and 50% of female patients.
The difference between the gender in terms of recur-
rence rates was statistically significant (p = 0.003).
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Table 1. Demographic and clinical parameters of patients

Parameters

Number of patients (%)

Age

Mean + standard deviation (SD)

<45
> 45

Gender
Male
Female

Follow-up time (months)

Min-Max
Mean + SD

Side of papilloma
Right
Left

Type of papilloma
Inverted
Non-inverted
Exophytic
Oncocytic

Originated site
Paranasal sinus
Maxillary sinus
Frontal sinus
Sphenoid sinus
Ethmoid sinus
Nasal cavity
Lateral nasal wall
Middle turbinate
Inferior turbinate

Stage of papilloma
Early (T1-T2)
T1
T2
Advanced (T3-T4)
T3
T4

Malign transformation
Yes
No

Displasia
Yes
No

Smoking
Yes
No

Alcoholism
Yes
No

Type of surgery
Endoscopic
Open
Combine

48.96 + 15.9
16 (32.7)
33(67.3)

43(87.8)
6(12.2)

8-88
39.16 £ 204

44 (89.8)
5(10.2)
5(10.2)

18 (36.7)
8(16.3)
10 (20.4)
31(63.3)
26 (53.1)
5(10.2)

Endoscopic surgery was performed on 42 (85.7%)
patients, and 7 patients (14.3%) underwent combined
surgery (Maxillary trocar, Caldwell Luc, and Bicoronal
Forehead flap in 4, 2, and 1 patients, respectively).
The recurrence rate in patients who underwent only
endoscopic surgery was found to be significantly
lower than those who underwent combined surgery
(p = 0.008).

The sinonasal papillomas were separated into two
groups according to localisation in the paranasal sinus
or nasal cavity. The distribution of the sinonasal papil-
lomas according to localisations is summarized in
table 3. Sinonasal papillomas most commonly origi-
nated from the maxillary sinus in this cohort. Recur-
rence occurred in 6 of 27 patients (22.2%) with
papilloma located in the paranasal sinus, and no
recurrence was observed in any of the papillomas
located in the nasal cavity. The difference between
the two groups was statistically significant (p = 0.018).
All the recurrences originated from the maxillary
sinus.

In this study, the patients were evaluated in two
groups. Those with Krouse stage T1 and T2, in which
the papilloma is limited to the nasal cavity, ethmoid
sinuses, and medial wall of maxillary sinus, were
defined as early stage (Group 1). Patients with papil-
loma, which are more difficult to reach surgically, such
as in the other walls of the maxillary sinus, sphenoid,
and/or frontal sinuses (Krouse T3 and T4), were
accepted as advanced stage (Group 2). Patients with
malignancy and/or with extension out of the nasal cav-
ity and paranasal sinus were also included in Group 2.
The distribution of papilloma types according to the
Krouse Staging System is shown in table 4. More than
half of the patients were at the advanced stage (53.1%
T3 and 10.2 % T4). All patients with recurrence were
at T3 stage. There was a statistically significant dif-
ference between the two groups in terms of recur-
rence (p = 0.046). In five patients, the papilloma
extended out of the nasal cavity and paranasal sinus.
IP extended to the orbit in two of these patients, to
the orbit and intracranial region in one patient, and to
the parapharyngeal region in one patient. Another
patient had an oroantral fistula stemming from IP
invasion.

The study results showed that patient age, smoking
and alcohol consumption, papilloma side and type,
and the extension of sinonasal papilloma out of the
nasal cavity and paranasal sinuses had no significant
effect on recurrence (p > 0.05).
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Table 2. The effects of demographic and clinical parameters of patients on recurrence

Parameters

Patients with Recurrence
(number of patients [%])

Patients without recurrence
(number of patients [%])

Total (number of p
patients [%])

Age Min-Max (meanz+standard deviation) 16-59 (44.83 + 15.2)

<45 2(12.5)
> 45 4(12.1)
Side of papilloma
Right 5(14.7)
Left 1(6.7)
Gender
Female 3 (50)
Male 3(7)

Type of papilloma

Inverted 6(13.6)

Non-inverted -
Papilloma’s originated site

Intra-paranasal sinus 6(22.2)

Nasal cavity -
Extension out of the paranasal sinus

Yes -

No 6(13.6)
Stage of papilloma

Early (T1-T2) _

Advanced (T3-T4) 6(19.3)
Smoking

Yes 3(15)

No 3(10.3)
Alcohol use

Yes -

No 6(13)
Type of surgery

Endoscopic surgery 3(7.1)

Combined surgeries 3(42.9)

15-78 (49.53 + 16) 15-78 (48.96 + 15.9)

14 (87.5) 16 (32.7) 0.97
29 (87.9) 33(67.3)
29 (85.3) 34 (69.4) 0.43
14 (93.3) 15 (30.6)
3(50) 6(12.2) 0.003*
40 (93) 43 (87.8)
38 (86.4) 44 (89.8) 0.38
5 (100) 5(10.2)
21(77.8) 27 (55.1) 0.018*
22 (100) 22 (44.9)
5 (100) 5(10.2) 0.38
38 (86.4) 44 (89.8)
18 (100) 18 (36.7) 0.046*
25 (80.7) 31(63.3)
17 (85) 20 (40.8) 0.63
26 (89.7) 29 (59.2)
3(100) 3(6.1) 0.71
40 (87) 46 (93.9)
39(92.9) 42 (85.7) 0.008*
4(57.1) 7 (14.3)

*p < 0.05, statistically significant values.

Table 3. Distribution of sinonasal papillomas according to
originated site

Originated site Number of patients (%)

Paranasal sinus 27 (565.1)
Maxillary sinus 23 (46.9)
Ethmoid sinus -
Frontal sinus 2(4.1)
Sphenoid sinus 2(4.1)
Nasal cavity 22 (44.9)
Lateral nasal wall 12 (24.5)
Middle turbinate 9(18.4)
Inferior turbinate 1(2)

Factors associated with malignancy

The malignancy rate of this study was found to be
8.2% (4/49). All the patients who developed malig-
nancy had inverted type and synchronous SCC. All
patients with malignancy were male with a mean age
of 54.75 years. All four patients with malignancy were
treated with endoscopic surgery, and the follow-up
time of these patients was 8, 22, 23, and 37 months,
respectively. Recurrence was observed in only one
patient with malignancy.

Of the 5 patients (40%) with dysplasia, malignancy
was determined in 2 (40%). The malignancy rate of IP
with dysplasia was significantly higher than that of IP
without dysplasia (p = 0.006). The rate of malignancy
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in IP extending out of the nasal cavity and paranasal
sinuses was statistically significantly higher than in
those without extension (3 of 5 patients, p < 0.001).
In this cohort, no other parameters had any effect on
malignancy.

Discussion

The overall recurrence rate in this study was 12.2%
(6 of 49 patients), which was consistent with the litera-
ture. Some studies have reported significantly higher
rates of recurrence'®'®. The high rate of recurrence in
one of these studies was explained by the fact that
their hospital was a tertiary health-care center which
treated more complex patients'®. However, the devel-
opment of recurrence in sinonasal papillomas is a
multifactorial event and should not be attributed to a
single factor. Factors such as the type of surgery
applied, the surgeon’s experience, the localization
and stage of the papilloma, and the presence of resi-
due may also affect recurrence. Many studies have
been conducted on the recurrence and malignancy of
sinonasal papillomas, but no consensus has been
reached. In the current study, the factors with signifi-
cant effect on the recurrence of sinonasal papillomas
were determined to be; female gender, the stage and
localization of the papilloma, and the type of surgery
applied. Recurrence rates were found to be increased
by a younger patient age and smoking according to
Jardine et al.”®, whereas Roh et al.?® and Moon et al.?!
reported that smoking, Suh et al.?? stated that female
gender, and Katori et al.?® that some histopathological
features of papilloma (increased mitotic activity, hyper-
keratosis, and the presence of squamous hyperplasia)
increased recurrence. In other studies, residual papil-
loma tissue following surgery has also been blamed
for recurrence'®?,

In many studies, the recurrence rate in males has
been reported to be higher than in females®?. In
contrast, the recurrence rate in the current study was
significantly higher in females than in males. Suh
et al.?2 also reported the relationship between recur-
rence and gender, with a recurrence rate in female
patients of 50% (4 of 8 patients), similar to the current
study. However, to be able to more clearly state that
female gender increases recurrence, there is a need
for further studies to be conducted with more female
patients.

It has been reported that recurrence is more com-
mon in IP located in the frontal sinus, which is due to
the difficulty in visualization of the sinus®'®2527,

Recurrence in IP with frontal sinus localization has
been reported to be 22.4%%. In the two patients with
frontal sinus localization in the current study, no recur-
rence developed. In some studies, it has been reported
that maxillary sinus localisation increases recur-
rence”? and the results obtained in the current study
were similar to those studies. In all the patients with
recurrence, the IP was located in the maxillary sinus,
and there was invasion of the anterior and lateral walls
of the maxillary sinus. Just like the lateral wall of the
frontal sinus, the anterior wall of the maxillary sinus
is an area where papilloma can be overlooked, and
residual tissue may remain. Although Caldwell-Luc
and/or gingival trocar surgery was added to the endo-
scopic surgery in these cases; unfortunately, recur-
rence was still observed in some patients. In these
cases, the inside of the sinus should be carefully
checked with straight and angled telescopes to ensure
that no residual tissue remains. The mucosa invaded
by the papilloma should be curetted, and the bone
tissue should be removed by drilling. When there is
frontal sinus lateral wall invasion, it is difficult to reach
this area with endoscopic surgery alone, so adding
open surgeries such as bicoronal forehead flap and/
or osteoplastic flap to the endoscopic surgery allows
the papilloma to be removed without residue.

There are different opinions about the relationship
between the stage of the IP and recurrence. Some
studies have highlighted an association between
recurrence and Krouse classification®®, while others
have not*5717.2426 A meta-analysis revealed an
increased risk of recurrence between Krouse T2 and
T3 stages,® and another study showed a significant
relationship only between Krouse T4 stage and recur-
rence?'. In most studies, the four stages have been
compared with each other in terms of recurrence. In
the current study, T1 and T2 stage papillomas, which
are easier to reach surgically, were defined as early
stage, and T3 and T4 stage papillomas, which are
more difficult to reach, as advanced stage. Thus, it
was aimed to compare 2 more homogeneous groups.
The results showed that advanced-stage papillomas
significantly increased recurrence.

In this cohort, the malignancy rate was observed to
be 8.2% (4/49), which was consistent with the litera-
ture. All four patients had synchronous SCC, and no
metachronous malignancy was observed during fol-
low-up. Metachronous malignancy may develop many
years after excision of the IP. Lesperance et al.®
described an average interval of 63 months between
the onset of IP and the development of malignancy.



Figure 1. In the coronal paranasal sinus tomography, inverted papil-
loma + squamous cell carcinoma extending to the orbit by eroding the
frontal sinus wall on the right side (the arrow shows erosion in frontal
sinus wall).

Another study showed that the development of meta-
chronous malignancy occurred approximately 10 years
after undergoing IP surgery®. These data reveal the
importance of long-term follow-up of patients with IP.
Therefore, these patients should be checked at regular
intervals, their complaints should be questioned, and
endoscopic nasal examinations should be performed.
If a suspicious mass is detected, radiological imaging
should be performed and a biopsy should be taken.

Malignancy of IPs may present with different clinical
scenario. They may present with limited eye move-
ments without a mass in the nasal passage and com-
plaints of nasal congestion, as in one of the current
study patients (Fig. 1). Or, as in the other patient, they
may present with visual loss and loss of conscious-
ness due to bilateral nasal mass that has invaded the
orbit and intracranial area (Fig. 2). Clinicians must be
alert to such cases.

Many factors affecting the malignancy of IPs have
been reported. Hong et al. reported that smoking sig-
nificantly affects malignancy34. In a literature review,
some biochemical and immunohistochemical markers

Z. Kiicliktag et al. Sinonasal papillomas

Figure 2. In the coronal paranasal sinus magnetic resonance T1
image, an inverted papilloma + squamous cell carcinoma that fills both
nasal passages and all sinuses and extends to the orbit and intracra-
nial area.

were found to play a role in malignant transforma-
tion®3. In this cohort, the presence of dysplasia and
invasion of papilloma outside the nasal cavity and
paranasal sinus had a significant effect on malignancy
in IPs. The rate of malignancy in IPs extending out of
the paranasal sinus was significantly higher than
those that did not. This result can be explained in 2
ways. First, papillomas that tend to extension outside
the nasal cavity and the paranasal sinus are perhaps
more aggressive and have higher malignant potential.
The second reason may be the malignant and aggres-
sive characteristics of the malignant tumor accompa-
nying the IP. More research is needed of IPs that tend
to invade to be able to predict which papillomas may
behave more aggressively or become malignant.

For treatment of IPs, more experienced surgeons
prefer the classical open surgery, whereas younger
surgeons tend to perform endoscopic surgery?. In
2019, a meta-analysis stated that open surgeries are
no longer the “gold standard” for surgery of IPs®. Gou-
dakos et al.*® stated that endoscopic surgery is the
first choice for IPs, regardless of the stage of
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Table 4. Distribution of papilloma types according to krouse staging system

Stage Inverted Exophytic (number of Oncocytic (number of Total (number of
(number of patients [%]) patients [%]) patients [%])
patients [%])
Early stage 8(18.2%) 8(16.3%)
T1
T2 9 (20.4%) 1(20%) 10 (20.4%)
Advanced stage 22 (50%) 4 (80%) 26 (53.1%)
T3
T4 5(11.4%) 5(10.2%)
Total 44 (100%) 5(100%) 0 49

papilloma. Endoscopic surgery provides better surgi-
cal results than open and combined surgeries®. In a
meta-analysis by Peng et al., it was stated that the
recurrence rate of the endoscopic surgery group was
significantly lower compared to the open surgery
group®. Bugter et al.'” also confirmed the superiority
of endoscopic surgery over open and combine sur-
gery. In the current cohort, 85.71% of the patients
were treated with the endoscopic approach and
14.29% with combined surgery. Open surgery alone
was not performed in any patient. It can be considered
that every surgeon experienced in endoscopic sinus
surgery can treat most patients with sinonasal papil-
loma, even malignant cases, with an endoscopic
approach. Open surgeries can be added to the endo-
scopic approach, especially in cases that are difficult
to reach endoscopically, such as localisation in the
lateral wall of the frontal sinus, or anterior and lateral
wall of the maxillary sinus. In appropriately selected
patients, endoscopic surgery allows removal of the
tumor without residue. In summary, endoscopic sur-
gery; facilitates the treatment of sinonasal papillomas,
decreases the complication and recurrence rates,
shortens the hospitalization time, and accelerates
post-operative recovery.

The present study had some limitations primarily
that the retrospective nature of the study had a nega-
tive impact on the quantity and quality of the informa-
tion, and this should be taken into account when
interpreting the results. The number of patients was
not very high. Because sinonasal papilloma is a rare
disease and it takes a long time to gather a large case
series. Further limitations could be said to be that the
study was conducted in a single center and patients
who had previously undergone surgery in another
center were excluded. Therefore, there is a need for
further studies with more patients to support the val-
ues that were found to be significant.

Conclusions

Although many factors affecting the recurrence of
sinonasal papillomas have been identified, there is no
definite consensus on this issue. In this study, the
factors with a significant effect on recurrence were
determined to be female gender, localization and
stage of papilloma, and type of surgery. Factors
affecting malignancy were the presence of dysplasia
and extension out of the paranasal sinuses. Most
sinonasal papillomas, including malignant cases, can
be treated with endoscopic surgery regardless of
stage. When necessary, open surgical approaches
can be added to the endoscopic approach. Neverthe-
less, there is a need for more extensive research,
especially molecular research, to further elucidate this
complex issue.
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Cellular indices and acute phase reactants as predictors of
abscess after appendectomy

Indices celulares y reactantes de fase aguda como predictores de absceso tras
apendicectomia
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Abstract

Objective: To compare the accuracy of four biomarkers as predictors of post-appendectomy abdominal abscess (PAA).
Methods: Diagnostic study of patients under 15 years of age operated for appendicitis in a pediatric hospital between 2010 and
2022 was analyzed. Neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), C-reactive protein (CRP) and procalcitonin
(PCT) were compared between patients with PAA and those without such complication (NPAA). Results: 86 patients with PAA
(64% men; mean age: 9.4 + 3.5 years) and 91 patients NPAA (65% men; mean age: 10.2 + 2.9 years) were included. NLR, PLR,
CRP and PCT values were higher in the PAA group than in the NPAA group (p < 0.0001). PCT had the highest area under the
ROC curve (0.761), a cutoff point of 0.37, sensitivity 74%, specificity 75%, and positive predictive value of 74% for predicting the
occurrence of PAA. Conclusions: PCT is a good predictor of abdominal abscess after appendectomy. Considering preoperative
PCT values to optimize postoperative management and antibiotics could be an additional tool in the prevention of this complication.

Keywords: Appendicitis. Abdominal abscess. Procalcitonin. Neutrophil-lymphocyte ratio. C-reactive protein. Platelet-lymphocyte
ratio.

Resumen

Objetivo: Comparar la precision de cuatro biomarcadores como predictores de absceso abdominal posapendicectomia (APA).
Métodos: Estudio diagndstico de los pacientes menores de 15 afios intervenidos por apendicitis en un hospital pediatrico
entre 2010 y 2022. Se compararon el indice neutrdfilo-linfocito (INL), el indice plaqueta-linfocito (IPL), la proteina C reactiva
(PCR) y la procalcitonina (PCT) entre los pacientes con APA y los que no presentaron dicha complicacion (NAPA).
Resultados: Se incluy-eron 86 pacientes con APA (64% hombres; edad media: 9.4 + 3.5 afnos) y 91 pacientes NAPA (65%
hombres; edad media: 10.2 + 2.9 afios). Los valores de INL, IPL, PCR y PCT fueron significativamente mayores en el grupo
APA que en el grupo NAPA (p < 0.0001). La PCT tuvo el mayor area bajo la curva ROC (0.761), un punto de corte de 0.37,
sensibilidad del 74%, especificidad del 75% y valor predictivo positivo del 74% para predecir la aparicion de APA.
Conclusiones: La PCT es un buen predictor de absceso abdominal tras una apendicectomia. Tener en cuenta los valores
preoperatorios de PCT para optimizar el manejo y la antibioticoterapia en el posoperatorio podria ser una herramienta adicio-
nal en la prevencion de esta complicacion.

Palabras clave: Apendicitis. Absceso abdominal. Procalcitonina. Indice neutrdfilo-linfocito. Proteina C reactiva. Indice plaque-
ta-linfocito.
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Acute appendicitis is the most frequent surgical
emergency in pediatrics, with a lifetime cumulative
risk of 9%'. Its diagnosis fundamentally depends on
clinical abdominal and general evaluation, although in
pediatric age, early diagnosis is often difficult due to
difficulties in anamnesis and the absence of classic
symptoms2. Appendicitis requires timely diagnosis
and treatment, as its delay can lead to appendicular
perforation and the development of complications.

Patients who undergo surgery for advanced appen-
dicitis are at higher risk of developing complications,
such as post-appendectomy abdominal abscess
(APA). This complication occurs in approximately 4%
of non-perforated appendicitis cases and in 6-28% of
perforated cases, and is associated with a significant
increase in morbidity and mortality®4. Although the
value of different laboratory parameters as possible
predictors of APA has been investigated, the results
have been diverse®.

Recently, the usefulness of various biomark-
ers, such as the direct bilirubin-lymphocyte ratio,
the neutrophil-lymphocyte ratio (NLR), and the
platelet-lymphocyte ratio (PLR), has been evaluated
as predictors of APA and in other surgical conditions,
with disparate results®®. However, scientific evidence
is still limited, and there are no comparative studies
on the usefulness of these ratios and other inflamma-
tory parameters as predictors of this complication.
The objective of this study is to compare the accuracy
of four biomarkers as predictors of APA.

Methods

A retrospective diagnostic study was conducted on
a consecutive series of patients under 15 years of age
who developed APA, comparing them with a random
sample of subjects undergoing surgery for acute
appendicitis who did not present this complication
(NAPA), in a second-level maternal-child hospital,
between January 2010 and December 2022. Patients
in the control group (NAPA) were sequentially selected
from the same study population and during the same
time period as patients with APA, regardless of the
type of appendicitis, with the only mandatory charac-
teristic being the absence of APA, in order to control
for possible selection biases and make the groups
comparable. Different variables were collected from
the computerized medical records, including age, sex,

weight in kilograms, histological type of appendicitis,
days of hospital stay, C-reactive protein (CRP) and
procalcitonin (PCT) values, NLR and PLR at the time
of hospital admission (these ratios are presented as
continuous numerical values and have no units of
measurement). Cell counts were performed with the
Beckman Coulter hematological analyzer, and in all
cases, the pathologist was unaware of the analytical
results of the subjects and the occurrence of APA.
Patients undergoing incidental appendectomy, with
unorganized free fluid, or with an incomplete clinical
record, were excluded from the study.

NLR and PLR were calculated by dividing the abso-
lute number of neutrophils and platelets by the num-
ber of ymphocytes, respectively. The clinical diagnosis
of acute appendicitis was based on anamnesis, physi-
cal examination, and ultrasound and analytical
findings; the definitive diagnosis was based on histo-
pathological analysis, classified as congestive, phleg-
monous, gangrenous, perforated appendicitis, or
peritonitis. The diagnosis of appendicular phlegmon
was established during surgical intervention by iden-
tifying the cecal appendix with primary inflammatory
signs and covered by a mass of intestinal loops with
adjacent fibrin or edematous omentum. Localized
peritonitis was defined as purulent or fecaloid con-
tamination of one or two quadrants of the abdominal
cavity, and generalized if there was contamination in
three or more quadrants. Abscess was defined as a
delimited collection of echogenic or purulent fluid
within the abdominal cavity during the first month after
an appendectomy, radiologically confirmed and
accompanied by clinical signs of infection. All patients
received intravenous antibiotic treatment with cefo-
taxime (150 mg/kg per day) and metronidazole
(30 mg/kg per day) from the time of acute appendicitis
diagnosis and during the postoperative period accord-
ing to the type of appendicitis: three doses for phleg-
monous, 3-5 days for gangrenous, and 7 days for the
rest of appendicitis types.

Qualitative variables were expressed as relative and
absolute frequencies, while quantitative variables
were presented as mean and standard deviation or as
median and interquartile range (IQR). The distribution
of quantitative variables were determined using the
Kolmogorov-Smirnov test to define the hypothesis
testing method to be used (Mann-Whitney U or Stu-
dent’s t-test), and qualitative variables were analyzed
using the x?2 test or Fisher’s exact test. Statistical sig-
nificance was set as a p-value < 0.05 for an allowed
type | error of 5%. CRP, PCT, NLR, and PLR were
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evaluated to calculate their sensitivity, specificity, pos-
itive predictive value (PPV), negative predictive value
(NPV), and odds ratio (OR). The optimal cutoff point
for predicting the occurrence of APA was obtained
using the area under the receiver operating charac-
teristic curve (AUC-ROC). According to the AUC-
ROC, the accuracy of the test was considered poor
(0.5-0.6), fair (0.61-0.7), acceptable (0.71-0.8), good
(0.81-0.9), or excellent (> 0.9). Although reference
values for some of these ratios have been described
in the pediatric population, in this study, a specific
cutoff point was calculated for each of them, as it is
a particular pathological situation (APA)°.

The collected data were anonymized and tabulated
in Microsoft Excel (Version 16.66.1) and analyzed
using the SPSS statistical software (IBM Corp.,
Armonk, NY, USA). This work was approved by the
Clinical Research Ethics Committee (Registration
No. 3318-0000200) and followed the recommenda-
tions of the STARD guidelines (Standards for Report-
ing Diagnostic Accuracy Studies)®.

Results

During the period from 2010 to 2022, 1766 appen-
dectomies were performed in patients under 15 years
of age at the hospital under study. The APA rate was
5% (n = 89). This analysis included 86 children with
APA who met the inclusion criteria and 91 appendec-
tomized patients without postoperative collection as a
comparative sample (Fig. 1). Of the total subjects with
APA, 64% were male, similar to 64.8% in the group of
appendectomized patients without complications
(p = 0.903). The mean age of patients with APA was
9.4 + 3.5 years, while in the NAPA group it was 10.2
+ 2.9 years (p = 0.166). Participants with APA had a
weight of 35.8 + 14.9 kg, while in the NAPA group, the
average weight was 41.4 + 17.1 kg (p = 0.021). No
patient had a surgical history or relevant comorbidity,
and all were operated on within the first 24 hours of
admission (Table 1).

The main type of appendicitis in patients with APA
versus the NAPA group was generalized peritonitis, at
32.6% (n = 28/86) vs. 2.2% (n = 2/91), followed by
localized peritonitis at 31.4% (n = 27/86) vs. 8.8%
(n = 8/91), perforation at 18.6% (n = 16/86) vs. 6.6%
(n = 6/91), appendicular phlegmon at 10.5% (n = 9/86)
vs. 2.2% (n = 2/91), gangrene at 3.5% (n = 3/86) vs.
13.2% (n = 12/91), and phlegmonous inflammation of
the appendix at 3.5% (n = 3/86) vs. 61.5% (n = 56/91);
only in the NAPA group were there congestive

appendicitis cases (5.5%, n = 5/91). These differences
were statistically significant (p < 0.0001).

The most used surgical approach was trans umbili-
cal video-assisted in 72% of NAPA patients and 73%
of APA patients, followed by laparotomy access (9%
vs. 8%) and laparoscopic (5% vs. 2%), with a similar
rate of conversion to laparotomy from the laparo-
scopic or video-assisted approach (14% in NAPA
patients vs. 17% in APA patients; p > 0.05). In no case
was surgical drainage placed. The hospital stay for
APA patients was 14 days (IQR: 5 days), while in the
NAPA group it was 2 days (IQR: 4 days) (p < 0.0001).

The NLR value in the APA group versus the NAPA
cohort was 12.2 vs. 6.4, the PLR was 260.8 vs. 153.1,
CRP was 74.1 vs. 11.4 mg/l, and PCT was 0.90 vs.
0.10 ng/ml, respectively. All inflammatory markers
were significantly higher in patients with APA
compared to those without postoperative collection
(p < 0.0001) (Table 1).

PCT was the inflammatory marker with the best
performance and highest AUC-ROC for predicting the
occurrence of APA (Fig. 2), with a cutoff point of
0.37 ng/ml, sensitivity of 74%, specificity of 75%, PPV
of 74%, and NPV of 76%. The predictive capacity of
each of the analyzed biomarkers is shown in detail in
table 2.

Discussion

Abdominal abscesses occur in up to 20% of patients
after appendectomy, especially in those with compli-
cated appendicitis'2. Although different clinical and
analytical prognostic variables have been evaluated
in the pediatric population, including weight, the pres-
ence of appendicolith, or intolerance to oral intake in
the postoperative period, among others, there are still
gaps in the current literature regarding the usefulness
of some parameters inflammatory'®™. This study
aimed to determine and compare the accuracy of
CRP, PCT, NLR, and PLR as predictors of APA in
pediatrics. This is the first study to determine and
compare these parameters with the objective of ana-
lyzing their prognostic value in the occurrence of APA.
It was found that CRP, PCT, NLR, and PLR values at
admission were significantly higher in patients with
APA compared to those without this complication, all
showing acceptable accuracy. However, PCT was the
biomarker that demonstrated the best performance.

The incidence of APA in our cohort was 5%, lower
than reported in similar series where it reaches up to
18%'". Regarding prognostic clinical variables,
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Potentially eligible participants
n=1766

A
Excluded
APA and incomplete history = 3
Incidental appendectomy = 38
Excluded in randomization = 1548

A 4
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APA No APA
n =86 n=91

Figure 1. Flow diagram showing the potentially eligible, excluded, and
included population in each of the two analyzed groups. APA: post-
appendectomy abdominal abscess.
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Figure 2. Area under the receiver operating characteristic curve of the

analyzed parameters. NLR: neutrophil-lymphocyte ratio; PLR: platelet-
lymphocyte ratio; CRP: C-reactive protein; PCT: procalcitonin.

although overweight has been described as a risk fac-
tor for the development of APA because intraperito-
neal adipose tissue can inhibit the inflammatory
response to contamination of the abdominal cavity',
in our population, patients with APA had a lower
weight than those without postoperative collection
(35.8 + 14.9 kg vs. 41.4 + 17.1 kg; p = 0.021). However,
this finding could have biases because the height of
all patients was not recorded, and therefore, we do
not know the body mass index. Likewise, perforation

Table 1. Demographic characteristics and biomarker values in the
studied population

Variable APA (n=86) NAPA (n=91) p
Woman 36% 35% 0.903
Man 64% 65%

Age (years) 94 +£35 102+29 0.166
Weight (kg) 358+ 149 414 £171 0.021
Hours from admission 72+36 8.1+31 0.178
to surgery

CRP (mg/l) 741 £170.3 114+ 425 < 0.0001
PCT (ng/ml) 09+48 0.1+0.26 < 0.0001
NLR 122127 6.4+6.2 < 0.0001
PLR 260.8 £ 150.7  153.1£260.8 < 0.0001

APA: post-appendectomy abdominal abscess; NLR: neutrophil-lymphocyte ratio;
PLR: platelet-lymphocyte ratio; NAPA: no APA; CRP: C-reactive protein; PCT: procalcitonin.
Values are presented as median and interquartile range.

Table 2. Area under the ROC curve and accuracy of each
inflammatory marker studied as predictors of abdominal abscess
after appendectomy

Biomarker AUC- Cutoff S AND PPV NPV OR p
ROC point

CRP(mg/l) 0741 219 72% 67% 67% 72% 5.25 <0.0001

PCT (ng/ml) 0.761 0.37 74% 75% 74% 76% 8.6 < 0.0001

NLR 0.724 777 73% 63% 65% 71% 4.5 <0.0001

PLR 0.731 191.8 73% 73% 72% 74% 7.2 <0.0001

ROC: area under the receiver operating characteristic curve; E: specificity; NLR: neutrophil-
lymphocyte ratio; PLR: platelet-lymphocyte ratio; OR: odds ratio; CRP: C-reactive protein;
PCT: procalcitonin; S: sensitivity; NPV: negative predictive value; PPV: positive predictive
value.

of the cecal appendix has been shown to be a risk
factor for the development of APA™, and although this
association was not directly studied in this work, our
results suggest the same, as there were more patients
with appendicular perforation (18.6% vs. 6.6%) and
peritonitis (64% vs. 11%) among patients with APA
compared to the NAPA group. On the other hand, in
this study, no statistically significant differences were
found between the different surgical approaches and
their association with the occurrence of APA, nor in
the antibiotherapy used, since, according to the ser-
vice protocol, all patients received the same antibiotic
regimen before and after the surgical intervention.
Delgado et al.'” reported significantly higher CRP
values in patients with APA compared to those without
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complications (81.8 vs. 33.1 mg/l, respectively), with
an AUC-ROC of 0.73, although with low sensitivity for
the diagnosis of abscess (65%) and a discretely higher
specificity of 72%. These results are similar to those
found in our study, where CRP demonstrated a PPV
of 67% for the occurrence of postoperative collection.
However, in the experience of other authors, CRP
showed no differences between patients with and
without APA (8.20 vs. 5.36 mg/l; p = 0.06), and it was
concluded that postoperative laboratory analyses
have limited clinical utility for evaluating the develop-
ment of peritoneal abscess™. These differences could
be explained because the researchers in the men-
tioned study evaluated the value of CRP during the
postoperative period, while in our study, inflammatory
parameters were analyzed at the time of admission to
the emergency department. Regarding PCT, Gavela
et al.”® evaluated its use as a predictor of appendicitis
severity and showed that it was significantly higher in
patients with perforated appendicitis and peritonitis
(4.95 ng/ml) than in those with simple appendicitis
(0.15 ng/ml), with a specificity and PPV similar to ours,
but with much higher sensitivity and NPV, 97% and
89%, respectively, compared to the present study,
where sensitivity was 74% and NPV was 76%"°. It is
possible that these differences are due to discrepan-
cies in the sociodemographic characteristics of each
population and the primary objective of each study,
which makes the results not entirely comparable.
Lodwick et al.?® described lymphocytopenia as an
effective predictor of post-appendectomy collection,
which indirectly suggests that NLR could be a useful
inflammatory parameter. Other authors have con-
firmed this hypothesis, reporting that NLR has an
AUC-ROC of 0.85 and a cutoff point of 10.5 with a
sensitivity of 85% and a specificity of 75% for predict-
ing the occurrence of APA17. This predictive power of
NLR is superior to that documented in our study
(AUC-ROC 0.724, sensitivity 73%, and specificity
63%) when establishing the cutoff point at 7.7; this
disparity in results is probably explained because a
higher cutoff point was used in that study than in ours,
which increases the sensitivity of the test but may
increase the number of false negatives. In the same
work, NLR demonstrated the best performance as a
predictor of APA, compared to the absolute number
of leukocytes, neutrophils, fibrinogen, and CRP';
however, a possible bias is that the population under
5 years of age was excluded. Considering the age
group of patients is of great clinical importance; in
fact, Aydogdu et al.?' evaluated different cellular

indices in the diagnosis of pediatric appendicitis and
concluded that, in childhood, the reference values of
NLR, PLR, and lymphocyte-monocyte ratio vary
according to age and sex, which should be taken into
account when evaluating blood test results.

During the inflammatory process of acute appendi-
citis, an immune reaction that also involves platelets
is triggered. Therefore, platelet changes have been
studied to determine the usefulness of PLR in the
diagnosis and prognosis of appendicitis?2. Our analysis
documented a significantly higher PLR value in patients
with APA (260.8) than in those without this complica-
tion (153.1), which was associated with an increase of
up to 7.2 times in the probability of developing APA
(OR: 7.2; 95% confidence interval: 3.7-14). These find-
ings are consistent with what has been described in
the literature, documenting that patients with higher
PLR values were more likely to present complicated
appendicitis and postoperative complications®.

This study describes the usefulness of PCT as a
predictor of APA in pediatric patients undergoing acute
appendicitis surgery, with better diagnostic perfor-
mance than CRP, NLR, and PLR. Due to its wide avail-
ability, healthcare personnel should be aware of its
potential role in the prevention, diagnosis, and timely
treatment of APA, with the aim of reducing the morbid-
ity and mortality associated with this complication. In
patients with a reasonable clinical suspicion of APA,
with symptoms such as fever and intolerance to oral
intake during the postoperative period, elevated preop-
erative PCT values support the urgent performance of
an imaging test. This study presents the limitations
inherent to a retrospective study in a single hospital
center, in addition to the physiological heterogeneity in
blood cell counts in the pediatric population. To our
knowledge, this is the first study to compare these four
inflammatory markers as predictors of APA, therefore,
prospective studies with a larger number of patients are
required to corroborate our results and seek prevention
strategies for the development of APA, such as adjust-
ing the perioperative fluid therapy and antibiotic proto-
col in patients at high risk of peritoneal collection.

Conclusions

PCT is a good biomarker as a predictor of APA in
the pediatric population. The evaluation of PCT values
before surgical intervention would allow optimizing
perioperative management and postoperative antibi-
otic therapy, becoming a valuable tool to prevent this
complication.
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Abstract

Objective: Different from physiological pain, post-operative pain is caused by surgical trauma. We aimed to systematically
assess the effects of ropivacaine alone or in combination with dexmedetomidine on cesarean section and to conduct a meta-
analysis. Methods: According to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement
and Cochrane intervention system review manual, retrieval software and data analysis tools were used for literature retrieval,
screening, exclusion and inclusion, data extraction, analysis and statistics, and risk assessment. A total of 37 literatures were
retrieved, and 11 literatures were left after 26 duplicates were excluded. Results: A total of 37 literatures were retrieved in all
databases, of which 11 literatures were left and finally 7 all published in English were obtained. They were seven randomized
controlled trials on ropivacaine alone or in combination with dexmedetomidine applied in 502 parturients receiving cesarean
section. The results of meta-analysis on main outcome indices showed that the number of parturients in need of rescue (x?
28.62, p < 0.001, F = 93%), incidence rate of adverse reactions (y? = 28.66, p = 0.007, P = 55%), satisfaction (y?> = 7.97, p =
0.05, P = 62.3%), visceral respiratory response (x° = 19.26, p < 0.001, P = 89.6%), satisfaction with muscle relaxation (y?
6.92, p = 0.03, P = 71.1%), and spinal anesthesia grade (x* = 25.89, p < 0.01, P = 92.3%). Conclusions: Ropivacaine com-
bined with dexmedetomidine has a better prognostic effect on cesarean section and causes fewer adverse reactions.

Keywords: Ropivacaine. Dexmedetomidine. Cesarean section. Meta-analysis.
Resumen

Objetivo: A diferencia del dolor fisioldgico, el dolor posoperatorio esta ocasionado por un trauma quirdrgico. El objetivo es
evaluar sistematicamente los efectos de la ropivacaina sola o en combinacion con dexmedetomidina en la cesdrea y realizar
un metaandlisis. Métodos: De acuerdo con la declaracion PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses Statement) y el Cochrane Intervention System Review Manual, se utilizaron software y herramientas de ana-
lisis de datos para la recuperacion de la literatura, los examenes de deteccion, la exclusion y la inclusion, la extraccion de
datos, el andlisis y las estadisticas, y la evaluacion del riesgo. Se obtuvieron 37 estudios, de los cuales quedaron 11 después
de excluir 26 duplicados Resultados: De las bases de datos se obtuvieron 37 estudios, de los cuales se seleccionaron 11y
finalmente se obtuvieron 7, todos publicados en inglés. Correspondieron a 7 ensayos controlados aleatorizados sobre ropiva-
caina sola o en combinacion con dexmedetomidina en 502 parturientas sometidas a cesarea. Los resultados del metaanalisis
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sobre los principales indices de resultados mostraron que el nimero de parturientas con necesidad de rescate (y? = 28.62;
p < 0.001; F=93%), la tasa de incidencia de reacciones adversas (y?= 28.66; p = 0.007; F = 55%), la satisfaccion (x? = 7.97;
p = 0.05; P = 62.3%), la respuesta respiratoria visceral (x> = 19.26; p < 0.001; P = 89.6%), la satisfaccion con la relajacion
muscular (x?= 6.92; p = 0.03; F=71.1%), el grado de anestesia espinal (x?= 25.89,; p < 0.01; F = 92.3%). Conclusiones:
La ropivacaina combinada con dexmedetomidina tiene un mejor efecto prondstico en la cesarea y provoca menos reacciones

aadversas.

Palabras clave: Ropivacaina. Dexmedetomidina. Cesdrea. Metaandlisis.

|ntroduction

Different from physiological pain, post-operative
pain is caused by surgical trauma. After tissue injury
at the surgical incision, inflammatory mediators are
released under stress, and then the sensory nerves
feel the conduction of stimulus of inflammatory media-
tors to the center. The pain sensitivity of patients also
changes postoperatively, thereby producing an unpleas-
ant emotional expression in the cerebral cortex, which
is the protective response of the body to harmful stim-
uli'. Post-operative pain is one of the most common
problems faced by patients, which is not conducive to
the rapid post-operative recovery of patients, and the
severer the pain is, the greater the patient’s physio-
logical and psychological fluctuation will be?. In gen-
eral, the pain is the severest within 2 days after
surgery, and it mostly lasts for < 1 week. If not con-
trolled well, post-operative pain may transform into
chronic pain or persistent pain, and even neuropathic
pain in severe cases.

With the opening of the two-child policy in China,
the cesarean section rate has been increasing. After
cesarean section, incision pain and uterine contrac-
tion pain are serious problems faced by parturients?®.
Postpartum pain is an important factor causing anxi-
ety, depression and insomnia in parturients, seriously
affecting the post-operative rehabilitation and lacta-
tion, and also affecting parturients’ care for newborns.
Therefore, multi-modal analgesia is adopted after
cesarean section. Post-operative analgesia methods
commonly used in clinic include patient-controlled epi-
dural analgesia (PCEA), patient-controlled intravenous
analgesia (PCIA), oral administration or intramuscular
injection and even intravenous infusion of opioids or
antipyretic analgesics, and ultrasound-guided plane
block of transverse abdominal muscle (TAP) popular in
recent years*s. Nowadays when minimally-invasive
surgery is strongly advocated, cesarean section is con-
sidered as a cruel operation, after which parturients

often suffer from highly severe pain. At present, PCEA
and PCIA are mainly adopted by anesthesiologists for
post-operative analgesia. However, these two analge-
sia methods lead to serious complications such as
nausea and vomiting, pruritus, respiratory depression,
epidural hematoma, hemodynamic instability, and
even unsatisfactory analgesia®. Besides, systemic
administration has limitations of drugs and short dura-
tion of action, causes severe gastrointestinal discom-
fort, nausea, vomiting, increased urinary retention,
hepatic and renal dysfunction, and increased frequency
of administration, and affects the rest and sleep quality
of parturients.

At present, the local anesthetics used in TAP include
lidocaine, bupivacaine, and ropivacaine. Among them,
ropivacaine characterized by long duration of action,
low toxicity, and good sensorimotor block separation
has become a preferred local anesthetic in field block
for anesthesiologists’. Despite a good analgesic effect
in clinic, ropivacaine has short duration of block and
fails to meet the demand for post-operative analgesia
with one-time administration®. Therefore, local anes-
thetics with longer duration of action are needed, or
local anesthetic adjuvants need to be rationally used
to prolong the duration of action of local anesthetics,
without causing any unnecessary complications to
increase the duration of sensory block. Dexmedeto-
midine, a research hotspot in the field of anesthesia
and analgesia, is often applied. As a highly-selective
o-adrenergic receptor agonist, dexmedetomidine is
characterized by sedation, anti-anxiety, analgesia,
stabilization of hemodynamics, inhibition on sympa-
thetic nerve activity, and mild respiratory depression®.
At present, dexmedetomidine has been widely used
in intensive care unit sedation, non-invasive endo-
scopic examination, pre-operative medication, adju-
vant medication during anesthesia, and post-operative
analgesia®. Dexmedetomidine has been combined
with bupivacaine to markedly prolong the sensory and
motor block duration and to improve intraoperative
and post-operative analgesia for women undergoing
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cesarean section, without any significant complications
for the mothers or infants'. However, there are few
reports on the combination of dexmedetomidine and
ropivacaine for analgesia in cesarean section. The
present study aims to observe the analgesic effect of
dexmedetomidine combined with ropivacaine on cesar-
ean section and related adverse reactions, so as to
provide a new idea for multi-modal analgesia.

Methods
Literature retrieval method

The retrieval strategy was developed according to
Cochrane international standards and the PRISMA
flowchart, and the English databases included PubMed,
Web of Science, and EMbase.

— English retrieval words

Dexmedetomidine, ropivacaine, cesarean de-
livery or cesarean section, and randomized
controlled trial.

— Retrieval time period

The retrieval was restricted to human random-
ized controlled trials in the above databases
from the establishment to April 30, 2021.

Data extraction

The basic information included the research title,
first author, publication time, control group and obser-
vation group, intervention measures, and indices.

Literature quality assessment

The quality of included literatures was assessed
using the Cochrane risk of bias assessment tool,
criteria for judging risk of bias in the risk of bias
assessment tool, and possible approach for sum-
mary assessments of the risk of bias for each impor-
tant outcome within and across studies designated
by Cochrane.

Statistical analysis

Meta-analysis was conducted for indices enrolled
using RevMan5.4 provided by Cochrane, and the forest
plot made by RevMan software was used to assess the
publication bias.

Random effects model (REM) was used in the case
of 12 > 50% in heterogeneity test, while fixed effects
model (FEM) was used in the case of 1> < 50%. The

Pubmed = 11
Embase = 2

Web of Science = 24

The number of manuscripts obtained
after eliminating duplicate

references (N = 11)

Reasons and number of excluded references
1, not written in English (N = 1)

2, combined with other adjuvant medicine

besides ropivacaine or dexmedetomidine

(N =3)

The number of included references
met the requirements after full

text browsing (N = 7)

The number of included references

for meta-analysis (N = 7)

Figure 1. Preferred reporting ltems for systematic reviews and meta-
analysis flowchart.

effect scale indices included two-category data and
continuous data.

Results
Literature retrieval results

A total of 37 literatures were retrieved in all data-
bases, and 11 literatures were left after 26 duplicates
were excluded. Then, one literature was excluded
according to the inclusion and exclusion criteria, and
three literatures were excluded after reading the full
text. Finally, seven literatures all published in English
were obtained (Fig. 1).

Basic characteristics of included studies

The indices, that is, the number of parturients in
need of rescue, adverse reactions, satisfaction, inci-
dence rate of transient neurological syndrome (TNS),
visceral respiratory response, satisfaction with muscle
relaxation, spinal anesthesia grade, mean time for res-
cue analgesia, visual analog scale (VAS) score, 24 h
mean cumulative dose for rescue analgesia, pain-free



Table 1. Basic characteristics of included studies
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First author Published year Treatment/control group

Treatment method Outcome index

Bi' 2020 25/25
Qian™ 2020 35/35
Bhardwaj* 2017 30/30
Kong™® 2018 51/51
Mo and Qiu'® 2017 40/40
Tang'" 2020 30/30
Zhao'® 2017 40/40

Ropivacaine/ropivacaine + dexmedetomidine 1,5,6,7

Ropivacaine/ropivacaine + dexmedetomidine 1,9, 11,12
Ropivacaine/ropivacaine + dexmedetomidine 1,2,3,8,9 10
Ropivacaine/ropivacaine + dexmedetomidine 2,4,9,13,14
Ropivacaine/ropivacaine + dexmedetomidine 2,9,13
Ropivacaine/ropivacaine + dexmedetomidine 2

Ropivacaine/ropivacaine + dexmedetomidine 9

1: number of parturients in need of rescue; 2: adverse reactions; 3: satisfaction; 4: incidence rate of TNS; 5: visceral respiratory response; 6: satisfaction with muscle relaxation; 7: spinal
anesthesia grade; 8: mean time for rescue analgesia; 9: VAS score; 10: 24 h mean cumulative dose for rescue analgesia; 11: pain-free duration; 12: time to first analgesia required; 13: Ramsay

sedation score; 14: MMSE score.

duration, time to first analgesia required, Ramsay
sedation score, and mini-mental state examination
(MMSE) score, were covered in three studies, five
studies, one study, one study, one study, one study,
one study, one study, five studies, one study, one
study, one study, two studies, and one study, respec-
tively (Table 1).

Quality assessment of included studies

The randomization method was known in all of the
seven included studies. The allocation concealment
was known in two studies and unknown in the remain-
ing five studies. The blind method for subjects was
unknown in three studies, and the blind method for
result assessment was unknown in two studies. The
outcome indices were incomplete in one study, and
the selective reporting was high risk in one study and
also unknown in one study (Fig. 2).

Meta-analysis and publication bias
NUMBER OF PARTURIENTS IN NEED OF RESCUE

As shown in figure 3, the number of parturients in
need of rescue was reported in three studies, the
results belonged to two-category data, and REM was
used (12 > 50%). The results showed that the number
of parturients in need of rescue in ropivacaine + dex-
medetomidine group was significantly smaller than
that in ropivacaine control group, and the difference
was statistically significant (y2 = 28.62, p < 0.001,
I = 93%), indicating that ropivacaine combined with
dexmedetomidine can significantly improve the prog-
nosis of parturients receiving cesarean section.

INCIDENCE RATE OF ADVERSE REACTIONS

As shown in figure 4, the incidence rate of adverse
reactions was reported in five studies, the results
belonged to two-category data, and REM was used
(1?2 > 50%). The results showed that the incidence rate
of adverse reactions in ropivacaine + dexmedetomidine
group was significantly lower than that in ropivacaine
control group, and the difference was statistically sig-
nificant (y? = 28.66, p = 0.007, I> = 55%), indicating that
ropivacaine combined with dexmedetomidine can sig-
nificantly reduce the incidence rate of clinical adverse
reactions in parturients receiving cesarean section.

SATISFACTION OF PARTURIENTS

As shown in figure 5, the satisfaction of parturients
was reported in one study, the results belonged to
two-category data, and REM was used (I> > 50%). The
results showed that the number of parturients with
excellent satisfaction in ropivacaine + dexmedetomi-
dine group was significantly larger than that in ropiva-
caine control group, and the difference was statistically
significant (y* = 7.97, p = 0.05, I? = 62.3%), indicating
that ropivacaine combined with dexmedetomidine can
significantly enhance the satisfaction of parturients
receiving cesarean section.

InciDeEncE RATE oF TNS

As exhibited in figure 6, the incidence rate of TNS was
reported in 1 study, the results belonged to two-category
data and FEM was used (I? < 50%). The results revealed
that the incidence rate of TNS in ropivacaine +
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Figure 2. A and B: Risk of bias of included literatures.
observation control Odds Ratio Odds Ratio

Bi 2020 5 25 25 33.6% 0.27 [0.08, 0.95]
Qian 2020 26 35 16 35 34.4% 3.43[1.25,9.40]
Shaman Bhardwaj 2017 7 30 28 30 32.0% 0.02 [0.00, 0.11]
Total (95% CI) 90 90 100.0% 0.29 [0.02, 4.78]
Total events 38 56

Heterogeneity: Tau? = 5.68; Chi? = 28.62, df = 2 (P < 0.00001); I* = 93%
Test for overall effect: Z = 0.87 (P = 0.39)

0,

0.002 0.1 1 10 500
Favours [experimental] Favours [control]

Figure 3. Forest plot of meta-analysis on the number of parturients in need of rescue in the two groups.

dexmedetomidine group was significantly lower than that
in ropivacaine control group, and there was no statisti-
cally significant difference (y* = 0.16, p = 0.93, I = 0%).

VISCERAL RESPIRATORY RESPONSE
As presented in supplementary data figure S1, the

visceral respiratory response of parturients was reported
in one study, the results belonged to two-category data,

and REM was used (I? > 50%). The results revealed that
the number of parturients with visceral respiratory
response in grade 2 and 3 in ropivacaine + dexmedeto-
midine group was significantly smaller than that in ropi-
vacaine control group, and there was a statistically
significant difference (x® = 19.26, p < 0.001, 1> = 89.6%),
suggesting that ropivacaine combined with dexmedeto-
midine can improve the visceral respiratory response of
parturients receiving cesarean section.
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observation control Risk Diff Risk Difference

i-H. Random

Study or Subaroup
1.2.1 nausea and vomit

Bi 2020 0 25 2 25 78% -0.08 [-0.21, 0.05) @
Kong 2018 3 51 § 51 9.1% -0.04 [-0.14, 0.06) —
Mo 2017 3 40 21 40 55% -0.45(-0.62,-0.28)

Shaman Bhardwaj 2017 a8 30 10 30 37% -0.07 (0.30, 0.16) —
Tang 2020 6 30 7

Subtotal (95% CI) 176 176 30.5% «0.13[-0.28, 0.02)

Tolal events 20 45

Heterogeneity: Tau? = 0.02; Chi¥ = 18.05, df = 4 (P = 0.001); I* = 78%

— -
43% -0.03(-0.24,0.17) 1
<>
Test for overall effect: Z = 1.73 (P = 0.08)
-—

1.2.2 shakes
Mo 2017 2 40 3 40 90% -0.02(-0.13,0.08) P
Subtotal (95% CI) 40 40 9.0% -0.02 [-0.13, 0.08] >
Tolal events 2 3

Helerogeneity: Not applicabk

Test for overall effect: Z = 0.46 (P = 0.64)

1.2.3 pruritus

Bi 2020 0 25 2 25 78% .0.08(-0.21,0.05) —r
Mo 2017 2 40 1M1 40 64%  -0.23(-0.38,-007) ——
Tang 2020 3 4 30 60% -0.03(-0.20,0.13) =
Subtotal (95% C1) 95 95 202%  -0.11(0.22,-0.00) <
Total events - 17

Helerogenelly: Taw? = 0.00; Ch# = 3.37, df = 2 (P = 0,19); I = 41%
Test for overall effect: Z = 2.00 (P = 0.05)

1.2.4 hypoxemia
Kong 2018 1 51 3 51 111% -0.04 [-0.11,0.04] -
Subtotal (95% CI) 51 51 11.1% -0.04 [-0.11, 0.04) &>

Total events 1 3

ol 1

Test for overal effect: Z = 1.03 (P = 0.31)

1.2.5 postoperative agitation

Kong 2018 0 51 6 51 08% -0.12(-0.21,-0.02) =
Subtotal (95% Cl) 51 51 98%  -0.12(0.21,-0.02) >
Total events 0 6
Mutamcpinells St apaioath
Test for overall effect: Z = 246 (P = 0.01)
1.2.6 delayed recovery
Kong 2018 2 5 4 51 100% -0.04 (-0.13, 0.05) -
Subtotal (95% C1) 51 51 10.0% -0.04 [-0.13, 0.05) L _d
Total events 2 4
Helerogeneily: Not appli
Test for overall effect Z = 0.84 (P = 0.40)
1.2.7 hypotension
Tang 2020 "n 0 30 35% 0.03(-0.21,0.27) =———
Subtotal (95% CI) 30 30 3.5% 0.03 [-0.21, 0.27) S~
Tolal events 1" 10
[ geneity: Not appli
Test for overall effect Z = 0.27 (P = 0.79)
1.2.8 bradycardia
Tang 2020 4 B 3 30 60% 0.03 (-0.13, 0.20) =
Subtotal (95% C1) 30 30 6.0% 0.03 [-0.13, 0.20) <
Tolal events 4 3
Helerogeneity: Not applicable
Test for overall effect: Z = 0.40 (P = 0.69)
Total (95% CI) 524 §24 100.0%  -0.08 [-0.13,-0.03) *
Total events 45 91 )
Helerogeneily: Tau® = 0.00; Ch? = 28.66, df = 13 (P = 0.007); I = 55% = F ° o8 zy
Test for overall effect Z = 3.01 (P = 0.003) £ e q B o
Tast for subarouo differences: Chi# = 697 df = 7 (P = 0.54) P = 0% = v " '
Figure 4. Forest plot of meta-analysis on the incidence rate of adverse reactions in the two groups.
SATISFACTION WITH MUSCLE RELAXATION reported in one study, the results belonged to two-

category data and REM was used (1> > 50%). The
As displayed in supplementary data figure S2, the results revealed that the satisfaction of parturients with
satisfaction of parturients with muscle relaxation was muscle relaxation in ropivacaine + dexmedetomidine
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observation control Risk Difference Risk Difference
dy © bg v C 0 M-H., Random, 99% M-H. Random, 9
1.3.1 1 (poor)
Shaman Bhardwaj 2017 2 30 2 30 100.0% 0.00 (-0.13, 0.13)
Subtotal (95% Cl) 30 30 100.0% 0.00 [-0.13, 0.13)
Total events 2 2
Heterogeneity: Not applicable
Test for overall effect: Z = 0.00 (P = 1.00)
1.3.2 2 (moderate)
Shaman Bhardwaj 2017 3 30 7 30 1000%  -0.13(-0.32,0.05) i‘
Subtotal (95% CI) 30 30 100.0% 0.13 [-0.32, 0.05) -
Total events 3 7
Heterogeneity: Not applicable
Test for overall effect: Z = 1.41 (P = 0.16)
1.3.3 3 (good)
Shaman Bhardwaj 2017 5 30 9 30 100.0% <0.13 [-0.34, 0.08] t
Subtotal (95% Cl) 30 30 100.0% 0.13 [-0.34, 0.08)
Total events 5 9

Heterogeneity: Not applicable
Test for overall effect: Z = 1.24 (P = 0.22)

1.3.4 4 (excellent)

Shaman Bhardwaj 2017 20 30 12 30 1000% 0.27[0.02, 0.51) i
Subtotal (95% C) 30 30 100.0% 0.27 [0.02, 0.51)
Total events 20 12

Heterogeneity: Not applicable
Test for overall effect: Z = 2.15 (P = 0.03)

- 05 0 05 1
Favours [experimental] Favours [control]

Test for subaroup differences: Chi* = 7.97. df = 3 (P = 0.05). I* = 62.3%

Figure 5. Forest plot of meta-analysis on the satisfaction of parturients in the two groups.

observation control Odds Ratio Odds Ratio
_Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% CI M-H. Fixed, 95% ClI
141 1
Kong 2018 1 51 4 51 100.0% 0.23[0.03, 2.18] l
Subtotal (95% ClI) 51 51 100.0% 0.23 [0.03, 2.18] =
Total events 1 4

Heterogeneity: Not applicable
Test for overall effect: Z = 1.27 (P = 0.20)

142 11

Kong 2018 2 51 5 51 100.0% 0.38[0.07, 2.03] i_
Subtotal (95% CI) 51 51 100.0% 0.38 [0.07, 2.03]

Total events 2 5

Heterogeneity: Not applicable
Test for overall effect: Z=1.14 (P = 0.26)

14311

Kong 2018 3 51 4 51 100.0% 0.39[0.10, 1.61] l I
Subtotal (95% CI) 51 51 100.0% 0.39[0.10, 1.61] ==
Total events 3 7

Heterogeneity: Not applicable
Test for overall effect: Z = 1.30 (P = 0.19)
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Favours [experimental] Favours [control
Test for subaroup differences: Chi2 = 0.16. df = 2 (P = 0.93). 2= 0% e ) e I

Figure 6. Forest plot of meta-analysis on the incidence rate of transient neurological syndrome in the two groups.

group was significantly higher than that in ropivacaine that ropivacaine combined with dexmedetomidine can
control group, and there was a statistically significant raise the satisfaction of parturients receiving cesarean
difference (y? = 6.92, p = 0.03, 12 = 71.1%), suggesting  section with muscle relaxation.



SPINAL ANESTHESIA GRADE

The spinal anesthesia grade of parturients was
reported in 1 study, the results belonged to two-
category data and REM was used (12 > 50%)
(Supplementary data Fig. S3). The results mani-
fested that the number of parturients receiving spi-
nal anesthesia in grade 2 and 3 in ropivacaine +
dexmedetomidine group was significantly smaller
than that in ropivacaine control group, and there
was a statistically significant difference (x* = 25.89,
p < 0.01, 12 = 92.3%), suggesting that ropivacaine
combined with dexmedetomidine can lower the spi-
nal anesthesia grade of parturients receiving cesar-
ean section.

MEAN TIME FOR RESCUE ANALGESIA

The mean time for rescue analgesia of parturients
was reported in one study, the results belonged to
continuous data, and REM was used (12 > 50%)
(Supplementary data Fig. S4). The results mani-
fested that the mean time for the 4" and 5" rescue
analgesia was significantly shorter in ropivacaine +
dexmedetomidine group than that in ropivacaine
control group, while the mean time for the 1% to
3" rescue analgesia was significantly longer in ropi-
vacaine + dexmedetomidine group than that in
ropivacaine control group, showing statistically sig-
nificant differences (y? = 15.31, p = 0.0005, 12 = 87%).
It can be seen that the mean time for rescue anal-
gesia is decreased under ropivacaine combined
with dexmedetomidine compared with that under
ropivacaine.

VAS score

The VAS score of parturients was reported in five
studies, the results belonged to continuous data, and
REM was used (I > 50%) (Supplementary data Fig. S5).
The results manifested that the VAS score at T1-T4
was significantly lower in ropivacaine + dexmedeto-
midine group than that in ropivacaine control group,
showing a statistically significant difference
(x> =66.68, p < 0.001, I>=96%,; y* = 54.85, p < 0.001,
[2=95%; ¥2 = 16.59, p = 0.002, I1> = 88%,; 2 = 11.86,
p = 0.003, 12 = 83%). It can be seen that the VAS
score obviously declines under ropivacaine com-
bined with dexmedetomidine compared with that
under ropivacaine.

H. Li et al. Anesthesia for cesarean section

24 H MEAN CUMULATIVE DOSE FOR RESCUE
ANALGESIA

The 24 h mean cumulative dose for rescue analgesia
of parturients was reported in one study, and the results
belongedto continuous data (Supplementary data Fig. S6).
It was found that the 24 h mean cumulative dose for
rescue analgesia was significantly lower in ropivacaine
+ dexmedetomidine group than that in ropivacaine
control group, displaying a statistically significant dif-
ference (p < 0.001). It can be seen that the 24 h mean
cumulative dose for rescue analgesia obviously
declines under ropivacaine combined with dexme-
detomidine compared with that under ropivacaine.

PAIN-FREE DURATION

The pain-free duration of parturients was reported
in one study, and the results belonged to continuous
data (Supplementary data Fig. S7). It was found that
the pain-free duration was significantly longer in ropi-
vacaine + dexmedetomidine group than that in ropi-
vacaine control group, and the difference was
statistically significant (p < 0.001). It can be seen that
the pain-free duration is prolonged and the prognosis
is good under ropivacaine combined with dexmedeto-
midine compared with those under ropivacaine.

TIME TO FIRST ANALGESIA REQUIRED

The time to first analgesia required was reported in
one study, and the results belonged to continuous data
(Supplementary data Fig. S8). It was found that the
time to first analgesia required was significantly later
in ropivacaine + dexmedetomidine group than that in
ropivacaine control group, and the difference was sta-
tistically significant (p < 0.001). It can be seen that the
time to first analgesia required is later and parturients
have milder pain under ropivacaine combined with
dexmedetomidine than those under ropivacaine.

RAMSAY SEDATION SCORE

The Ramsay sedation score of parturients was
reported in two studies, the results belonged to con-
tinuous data, and REM was used (1> > 50) (Supple-
mentary data Fig. S9). It was found that the Ramsay
sedation score at T1-T2 was significantly better in
ropivacaine + dexmedetomidine group than that in
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ropivacaine control group, and the difference was sta-
tistically significant (y® = 12.36, p < 0.001, > = 92%;
v = 102.53, p < 0.001, 12 = 99%), indicating that the
Ramsay sedation score greatly rises and the progno-
sis is good under ropivacaine combined with dexme-
detomidine compared with those under ropivacaine.

MMSE score

The MMSE score of parturients was reported in 1
study, the results belonged to continuous data, and
REM was used (12 > 50) (Supplementary data Fig. S10).
The results showed that the MMSE score after 1 d
was significantly superior in ropivacaine + dexmedeto-
midine group to that in ropivacaine control group, and
the difference was statistically significant (3> = 67.60,
p < 0.001, |2 = 99%), indicating that the MMSE score
after 1 d greatly rises and the prognosis is good under
ropivacaine combined with dexmedetomidine com-
pared with those under ropivacaine.

Discussion

All the seven included studies had a small sample
size (< 200 cases), so false-positive or false-negative
results caused by random errors could not be excluded.

Several outcome indices were selected from the
seven literatures, including the number of parturients
in need of rescue, adverse reactions, satisfaction,
incidence rate of TNS, visceral respiratory response,
satisfaction with muscle relaxation, spinal anesthesia
grade, mean time for rescue analgesia, VAS score,
24 h mean cumulative dose for rescue analgesia,
pain-free duration, time to first analgesia required,
Ramsay sedation score, and MMSE score™®'®, The
authenticity and reliability of the above outcome indi-
ces were assessed using the RevMan software.

The randomization method was known in all of the
seven included studies. The allocation concealment
was known in two studies and unknown in the remain-
ing five studies. The blind method for subjects was
unknown in three studies, and the blind method for
result assessment was unknown in two studies. The
outcome indices were incomplete in one study, and
the selective reporting was high risk in one study and
also unknown in one study.

The number of parturients in need of rescue,
adverse reactions, satisfaction, incidence rate of TNS,
visceral respiratory response, satisfaction with muscle
relaxation, and spinal anesthesia grade were all

two-category data. The results showed that ropiva-
caine + dexmedetomidine group had a significantly
smaller number of parturients in need of rescue, those
with visceral respiratory response in grade 2 and 3 and
those receiving spinal anesthesia in grade 2 and 3, and
significantly lower incidence rates of adverse reactions
and TNS than ropivacaine control group, while ropiva-
caine + dexmedetomidine group had a significantly
larger number of parturients with excellent satisfaction
and significantly better satisfaction with muscle relax-
ation than ropivacaine control group. It can be seen
that ropivacaine combined with dexmedetomidine can
significantly improve the prognosis and satisfaction of
parturients receiving cesarean section and reduce the
incidence rate of clinical adverse reactions.

The mean time for rescue analgesia, VAS score,
24 h mean cumulative dose for rescue analgesia,
pain-free duration, time to first analgesia required,
Ramsay sedation score, and MMSE score were all
continuous data. The results revealed that the mean
time for the 4™ and 5" rescue analgesia was signifi-
cantly shorter, the VAS score at T1-T4 and 24 h mean
cumulative dose for rescue analgesia were signifi-
cantly lower, and the time to first analgesia required
was significantly later in ropivacaine + dexmedetomi-
dine group than those in ropivacaine control group,
while the Ramsay sedation score at T1-T2 and MMSE
score after 1 d were significantly superior in ropiva-
caine + dexmedetomidine group to those in ropiva-
caine control group. The above findings demonstrate
that parturients in ropivacaine + dexmedetomidine
group had milder pain, a better prognosis and a sig-
nificantly better mental state than those in ropivacaine
control group.

Nevertheless, this study is limited. The number of
patients is small. In addition, the results between
many studies are not compared, which may have a
negative impact on the conclusion.

Conclusions

Ropivacaine combined with dexmedetomidine has a
better prognostic effect and causes fewer adverse reac-
tions in parturients receiving cesarean section under
anesthesia. The meta-analysis results remain to be
improved with larger-sample higher-quality studies.
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Abstract

Objective: Integrated pulmonary index (IPI") is a device working with fuzzy logic principle that analyzes patient’s end-tidal
carbon dioxide (ETCQ,), respiratory rate (RR), peripheral oxygen saturation (Sp0,), and pulse rate and provides a number
between 1 and 10. We aimed to investigate the usefulness of IPI monitor in pediatric patients. Methods: After the Investigational
Review Board approval pediatric patients undergoing gastrointestinal endoscopy under sedation were recruited. Propofol
(Group P) and ketamine (Group K) were used for sedation. The primary outcome measure was average periprocedural IPI
values. Secondary outcome measures were recovery time, endoscopist, and anesthetist satisfactions. Correlation of IPI values
with physiological parameters was examined as well. Results: Periprocedural IPI scores were comparable between the groups
(6.3[4.9-7] vs. 6.8 [5.3-7.6] in Group P and Group K, respectively, p = 0.153). Recovery time was significantly longer in Group K
(p < 0.001). Endoscopist and anesthetist satisfaction scores were comparable. Low IPI scores were significantly associated
with low ETCO,, RR, and SpQO, values (p < 0.001). Conclusions: /Pl monitor is a valuable tool in the monitorization of the
pediatric patients undergoing sedation with propofol and ketamine. Both drugs are associated with comparable IPI scores.
ETCO, RR, and SpO, values are measured lower in patients with low IPI scores (1-3 points).

Keywords: Gastrointestinal. IPI. Ketamine. Non-operating room. Propofol.
Resumen

Objetivo: El indice pulmonar integrado (IPI™) es un dispositivo que funciona con el principio de Idgica difusa para analizar el
dioxido de carbono al final de la espiracicn (ETCO,), la frecuencia respiratoria (FR), la saturacion periférica de oxigeno (SpO,)
y la frecuencia cardiaca (FC), y proporciona un numero entre 1y 10. Nuestro objetivo fue investigar la utilidad del monitor IPI
en pacientes pediatricos. Métodos: Tras la aprobacion por la Junta de Revision de Investigaciones, se reclutaron pacientes
pedidtricos sometidos a endoscopia gastrointestinal bajo sedacion. Para la sedacion se utilizo propofol (grupo P) o ketamina
(grupo K). La medida de resultado primaria fueron los valores medios del IPI periprocedimiento. Las medidas de resultado
secundarias fueron el tiempo de recuperacion y la satisfaccion del endoscopista y del anestesista. También se examind la
correlacion de los valores del IPI con los parametros fisioldgicos. Resultados: Las puntuaciones del IPI periprocedimiento
fueron comparables entre los grupos (6.3 [4.9-7] en el grupo P frente a 6.8 [5.3-7.6] en el grupo K; p = 0.153). El tiempo de
recuperacion fue significativamente mayor en el grupo K (p < 0.001). Las puntuaciones de satisfaccion del endoscopista y del
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anestesista fueron comparables. Unas puntuaciones bajas del IPI se asociaron significativamente con valores bajos de ETCO,,
FR y SpO, (p < 0.001). Conclusiones: EI monitor IPl es una herramienta valiosa para la monitorizacion de los pacientes
pediatricos sometidos a sedacion con propofol o ketamina. Ambos farmacos se asocian a puntuaciones de IPl comparables.
Los valores de ETCO,, FR y SpO, son mas bajos en pacientes con puntuaciones de IPI bajas (1-3 puntos).

Palabras clave: Gastrointestinal. IPl. Ketamina. Sala no quirdrgica. Propofol.

|ntroduction

Respiratory depression and airway obstruction are the
main causes of morbidity during sedation. Although pulse
oximetry is a part of routine monitoring, it has disadvan-
tages such as delayed display of arterial deoxygenation
and lack of information about ventilation'. Capnography
was found to be superior to pulse oximetry in detecting
hypoventilation and airway obstruction, and the use of
capnography decreased hypoxemia and apnea episodes
during sedation®*. Current clinical practice guidelines
suggest that capnography should be used routinely,
especially in moderate and deep sedation where verbal
communication with patients cannot be maintained®”.

The integrated pulmonary index (IPI"™) is a commer-
cially available tool developed to detect changes in respi-
ratory status of patients during sedation. This software
works with a principle using the fuzzy logic mathematical
model algorithm®. It analyzes patients’ physiological
parameters such as end-tidal carbon dioxide (ETCO,),
respiratory rate (RR), peripheral oxygen saturation
(Sp0,), and pulse rate (PR) together and displays a num-
ber between 1 and 10 on the monitor (Supplemen-
tary data table 1). Studies have shown that there is
agreement between IPI values and clinical assessment
of the patient’s respiratory status®. Effects of many seda-
tive drugs individually on IPI have still not been studied.

Propofol and ketamine are among the agents fre-
quently used in endoscopy procedures. While propo-
fol provides rapid recovery with its short half-life, it
can cause severe hemodynamic instability and respi-
ratory failure. On the other hand, ketamine causes
less hemodynamic instability and less respiratory fail-
ure, but it may cause increased secretion, agitation
on awakening, and prolonged recovery™.

The aim of this study was to investigate the peripro-
cedural IPI values in pediatric patients sedated with
propofol and ketamine. The primary outcome measure
was average periprocedural IPl values. The second-
ary outcome measures were recovery time, endosco-
pist, and anesthetist satisfactions. The hypothesis of
the study was that the patients sedated with ketamine
would have higher IPI values.

Methods

This study was approved by the Marmara University
Faculty of Medicine Clinical Research Ethics Commit-
tee (Date: May 07, 2021/No: 09.2021.511) and recorded
on the public website (https://clinicaltrials.gov/, No:
NCT05137574). Pediatric patients undergoing elective
upper and/or lower gastrointestinal endoscopy under
sedation at our hospital between May 2021 and
November 2021 were included in the study. Signed
written informed consent was obtained from the
patients’ first-degree relatives or guardians. Inclusion
criteria for the study were as follows: being older than
1 month and younger than 18 years of age and having
American Society of Anesthesiologists (ASA) I-llI
physical status. Exclusion criteria were as follows:
refusal to participate in the study, having an ASA IV
or higher physical status, patients unsuitable for non-
operating room anesthesia, and patients with a known
allergy to drugs to be used for sedation. Anaphylactic
reaction that may develop due to the drugs applied;
respiratory failure requiring endotracheal intubation;
hemodynamic failure; and gastrointestinal perforation,
bleeding, or other major complications of endoscopy
were determined as exclusion criteria from the study
after the enroliment.

Patients were divided into two groups where propo-
fol was used for sedation for the first group (Group P)
and ketamine for the second (Group K). Patients were
blind to the study design and did not know which
group they would be in. The anesthetist administering
the drugs and taking the measurements was the same
and was not blinded to the study. The pediatric gas-
troenterologist performing the endoscopy procedure
was blind to the study.

Routine monitoring, including pulse oximetry (SpO,),
three-lead electrocardiography, and non-invasive blood
pressure, was performed after the patient entered the
procedure room. A balanced crystalloid solution was
started as an intravenous infusion at a rate of
10 mL/kg/h after a peripheral vascular access was
placed. Midazolam 0.05 mg/kg intravenously (IV) was
administered for sedation and anxiolysis. In addition,
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a special nasal cannula (Smart CapnoLine Plus; Orid-
ion Medical, Needham, MA, USA) for IPl was applied
to the patient and connected to the monitor (Cap-
nostream 20; Oridion Medical, Needham, MA, USA).
Oxygen was administered at 2 L/min through the
nasal cannula of the monitor. After the preparation of
the surgical team was confirmed, remifentanil 0.5 ug/kg
IV was administered. The patient was placed in the
left lateral decubitus position and a mouthpiece was
attached to the patient’s mouth if upper endoscopy
was to be performed. Then, propofol 0.5 mg/kg IV for
Group P and ketamine 0.5 mg/kg IV for Group K was
administered. The patient with a Ramsey Sedation
Scale score of 5 or 6 (poor or no response to glabellar
tapping) was handed over to the endoscopy team to
perform the procedure. Additional doses of remifent-
anil 0.5 pg/kg 1V, propofol 0.5 mg/kg IV (for Group P),
and ketamine 0.5 mg/kg IV (for Group K) were added
at the discretion of the anesthetist when needed.

Data were collected by the anesthetist performing
the sedation procedure. Demographic and anthropo-
metric measurements of the patient, ASA physical
status, amount of drugs used, procedure, and recov-
ery times were recorded. ETCO,, RR, SpO,, and PR
values were recorded at 3-min intervals starting from
the anesthetic induction of the patient. Our primary
outcome measure was mean IPI values. The second-
ary outcome measures were recovery time, endosco-
pist and anesthetist satisfactions. The endoscopist
and anesthesiologist satisfactions were graded
according to the Likert scale between 1 and 10 points.
Jaw-thrust maneuvers and number of bag-valve-mask
assisted ventilations applied to the patient during the
procedure were also recorded. Finally, the correlation
of IPI values with ETCO,, RR, SpO,, and PR was
analyzed. Individual IPI values were grouped as low
IPI (IPI 1-3), medium IPI (IPI 4-6), and high IPI (IPI
7-10) and ETCO,, RR, SpO,, and PR values were
compared between these groups.

Jamovi software (Version 2.3, https://www.jamovi.
org) was used for statistical analysis. Categorical data
were defined by number and percentage. Continuous
data were defined as mean and standard deviation,
or median and interquartile range for normal and non-
normal distributions, respectively. Shapiro-Wilk test
and histogram graphs were used for normality testing.
X2 test was used for the analysis of categorical data.
Student’s t and Mann-Whitney U-tests were used for
the analysis of continuous data with normal and non-
normal distributions, respectively. In the analysis of
the continuous data regarding ETCO,, RR, SpO,, and

PR according to the IPI score categories of the par-
ticipants, Kruskal-Wallis test was used with Dwass-
Steel-Critchlow-Fligner (DSCF) test for the pairwise
comparisons. The independent variables of the study
were age, gender, height, body weight, duration of
procedure, midazolam dose, remifentanil dose, drug
group, ASA score, type of intervention, and number
of bag-valve-mask maneuvers. The dependent vari-
ables were ETCO,, RR, SpO,, PR, IPI scores, and IPI
score categories. G*Power program (version 3.1) was
used for power analysis of our study. Regarding the
IPI score, which is the primary outcome measure of
the study, with the o error of 5%, the power of the
study being 80%, and the effect size of 0.75 obtained
from the preliminary measurements on eight patients,
the sample size was calculated to be 58.

Results

A total of 66 patients were eligible for the study, of
which 60 were included in the final analysis. The flow
diagram of the study is presented in figure 1. Thirty-six
(60%) of the patients were female and the mean age
was 13 (25"-75" percentiles: 9-15) years. Demo-
graphic and clinical characteristics of the patients are
demonstrated in table 1. There was no significant dif-
ference between the two groups in terms of age, gen-
der, height, body weight, ASA, type of intervention,
amount of midazolam, and remifentanil used. There
was no significant difference between the two groups
in terms of the number of jaw-thrust maneuvers
(p = 0.06, Mann-Whitney U-test). However, when cat-
egorizing the maneuver, a significant difference was
observed between the groups, where the number of
the patients not requiring the jaw-thrust maneuver was
4 (13.3%) and 13 (43.3%) in the Groups K and P,
respectively (p = 0.023, X2 test). The IPI scores were
comparable between the groups (6.3 [4.9-7] vs. 6.8
[5.3-7.6] in Group P and K, respectively, p = 0.153,
Mann-Whitney U-test). While there was no significant
difference between the two groups in terms of proce-
dure time, recovery time was significantly longer in
Group K (p < 0.001). There was no significant differ-
ence between the two groups in terms of endoscopist
and anesthetist satisfactions as well.

Descriptive statistics of IPI values and their corre-
sponding physiological parameters are presented in
figure 2 and Supplementary data table 2. Comparison
of physiological parameters such as ETCO,, RR,
SpO,, and PR between low, medium, and high IPI
groups is given in table 2. While there was no
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Figure 1. Study flow diagram.

difference between the IPI groups in terms of PR, a
statistically significant difference was demonstrated
between the low, medium, and high IPI groups in
terms of ETCO,, RR, and SpO, (p < 0.001, Kruskal-
Wallis test). Pairwise comparisons between the groups
revealed that ETCO, in the low IPI group was signifi-
cantly lower compared to the other two (p < 0.001,
DSCF test); SpO, in the high IPI group was signifi-
cantly higher compared to the other two (p < 0.001,
DSCF test); and RR values were significantly different
between all the three groups (p < 0.001, DSCF test).
There were no complications in the patients related
to the endoscopy procedure itself. Severe hypoxemia
developed in two patients in Group K, in which
assisted ventilation was provided with a bag-valve-
mask, and the hypoxemia resolved in a short time. No
bag-valve-mask ventilation was needed in Group P.

Discussion

We investigated the effectiveness of the IPI monitor-
ing in pediatric patients sedated with propofol and
ketamine and the main result of our study was that
these drugs had comparable IPI scores. There was a

Analysed (n=30)
— Excluded from analysis (give reasons)
(n=0)

good relationship between physiological parameters
and IPI scores.

Cardiopulmonary complications continue to be
important causes of morbidity and mortality in these
procedures'. Current clinical practice guidelines rec-
ommend monitoring the hemodynamic and respira-
tory status of patients, as well as their state of
consciousness during sedation procedures. The
Association of Anesthetists recommends capnogra-
phy monitoring whenever verbal communication with
sedated patients is interrupted’. Many studies have
shown that the use of capnography provides addi-
tional safety in addition to pulse oximetry'213, Some
studies have stated that derangements in respiratory
pattern occurs before hypoxia develops and this can
be detected by capnography'®. IPl is a technology
that has been introduced for more than a decade®.
Although it has a complicated working principle like
the fuzzy logic mathematical model, the value between
1 and 10 reflected on the monitor makes it extremely
easy to use. In addition, grouping these values and
using a three-point scale instead of a ten-point scale
(low, medium, and high IPI corresponding to 1-3, 4-6,
and 7-10 points, respectively) makes the use of the
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Table 1. Demographic and clinical characteristics of the patients

Parameter Group P Group K p
Age (years) 14.5(10-15) 12.0(7-13.75) 0.089
Sex

Female 19 (52.8) 17 (47.2) 0.598

Male 11 (45.8) 13 (54.2)
Height (cm) 1563.5 142.5 0.424

(123.5-160.75)  (120-160)
Body weight (kg) 425 395 0.437
(25.75-50.75)  (19.25-52)

BMI (kg/m?) 19 £5.29 185+6.05 0.734
ASA

[ 14 (56.0) 11(44.0) 0715

I 13 (44.8) 16 (55.2)

Il 3(50) 3(50.0)
Procedure

Gastroscopy 21(53.8) 18 (46.2) 0.066

Colonoscopy 8 (61.5) 5(38.5)

Gastroscopy + colonoscopy 1(12.5) 7(87.5)
Midazolam amount (mg) 2.0(1.5-2) 2.0(1-2) 0.187
Remifentanil amount (ug) 40.0(21.25-90) 30.0(20.5-50) 0.609
Propofol/Ketamine 104.33 + 50.03 72.50 + 55.20
amount (mg)
IPI 6.3(49-7) 6.8(5376) 0.153
Jaw-thrust maneuver 1(1-2) (0-6) 1(0-2)(0-5) 0.06
(number)

0 4(23.5) 13(76.5)  0.023*

1 13 (68.4) 6(31.6)

>2 13 (54.2) 11(45.8)
Procedure duration (min) 12.0 (10-22.5) 15.5(10-29.5) 0.229
Recovery duration (min) 15.0 (13.5-20) 28.5(25-30) <0.001*
Endoscopist satisfaction 10.0 (10-10)  10.0(10-10) 0.190
(1-10-point Likert scale)

<6 1 0

7-9 0 4

10 29 26
Anesthetist satisfaction 10.0(8-10)  10.0(10-10) 0.502
(1-10-point Likert scale)

<6 3 4

7-9 6 2

10 21 24

"p <0.05

Categorical variables are given as number (percentage). Continuous variables are
given as median (25"-75" percentiles) or mean + standard deviation. For jaw-thrust
maneuvers minimum-maximum values are given as well

Group P: propofol used group; Group K: ketamine used group; BMI: body mass index;
ASA: American Society of Anesthesiologist physical status; IPI: integrated pulmonary index.

monitor even more practical. The use of the monitor in
this way is more advantageous in cases where sedation
is performed by the endoscopist or a nurse'"®.

In our study, the mean IPI values were 6.3 in the
propofol group and 6.8 in the ketamine group. Garah
et al.'"" demonstrated that factors such as young age,
use of propofol alone, high midazolam dose, and pres-
ence of an anesthesiologist were associated with low
IPI values. In our study, we initially administered a
standard dose of midazolam to the patients to benefit
from its anxiolytic and amnestic properties. At the

Table 2. Distribution of physiological parameters according to
low, medium, and high IPI groups

Parameter LowIPI  Medium IPI High IPI p
(1-3) (4-6) (7-10)

Number of 71 85 257

measurements

ETCO, (mmHg) 122(0-34.5) 44 (35-49) 42(36-47) <0.001*

RR (breaths/min) 2°(0-10)  13°(10-20) 19°(14-23) <0.001*

SpO, (%) 96 (86.5-100) 99 (97-100) 100° (99-100) < 0.001*

PR (beats/min)

*p < 0.05.

aSignificant difference compared to the medium and high IPI groups

(p < 0.001, Dwass-Steel-Critchlow-Fligner (DSCF) test)

“Significant difference between all the IPI groups (p < 0.001, DSCF test).

°Significant difference compared to the low and medium IPI groups (p < 0.001, DSCF test).
Variables are given as median (25"-75" percentiles).

ETCO,: end-tidal carbon dioxide; RR: respiratory rate; SpO,: peripheral oxygen
saturation; PR: pulse rate.

104 (85.5-125)103 (82-128) 105 (90-116) 0.886

beginning of the procedure, we provided “balanced
sedation” by applying remifentanil and the appointed
intravenous anesthetic agent. The I[Pl values we
obtained were consistent with the values in the propo-
fol + midazolam or propofol + midazolam + fentanyl
groups in the study of Garah et al." In their study, the
threshold value for the low midazolam dose was
0.08 mg/kg. In our study, we used midazolam at a dose
of 0.05 mg/kg as a standard, and our IPI values were
consistent with the low midazolam group in that study.

The presence of an anesthetist during the endos-
copy procedure is a comfort for the endoscopy team.
Evaluating the patient separately and creating a per-
sonalized anesthetic protocol not only increases the
safety of the patient but also ensures the endoscopy
team to focus on the endoscopy procedure itself. The
American Society for Gastrointestinal Endoscopy
recommends that endoscopists apply propofol-based
sedation if it will increase patient safety, comfort, or
the effectiveness of the procedure. According to the
American Gastroenterological Association and Cana-
dian Association of Gastroenterology guidelines,
there is no increased risk associated with propofol
administration by non-anesthetists™'®. Nevertheless,
more than 20 European national anesthesia societies,
including the Italian Society of Digestive Endoscopy
and the Spanish Society of Anesthesia, have recom-
mended the administration of propofol to be limited only
to those trained in general anesthesia practice'®2!.
When deciding whether to provide the sedation by the
endoscopy team, either by nurses or physicians, or by
the anesthesia team, factors such as the patient’s
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Figure 2. Distribution of physiological variables with different IPI values. ETCO,: end-tidal carbon dioxide; RR: respiratory rate; SpO,: peripheral
oxygen saturation; PR: pulse rate. Please note that IPl is determined by the combination of all the four parameters using the fuzzy logic principle.
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ASA physical status, comorbidities, the possibility of
difficult airway or intubation, the types of drugs used,
and probably less important factors such as the cost
of the procedure should be considered altogether?.
In our clinic pediatric endoscopy, procedures are rou-
tinely performed under sedation provided by the anes-
thesia team. We think that the endoscopist satisfaction
scores in our study also reflect this practice.

In case of hypoxemia during the procedure nasal
oxygen was increased, jaw-thrust maneuver was per-
formed, and ventilation with bag-valve-mask was used
if needed. No endotracheal intubation was needed in
our study. The fact that the patient has an anesthesia
team that only deals with sedation and the implemen-
tation of a protocol in accordance with the concept of
balanced anesthesia played an important role here.
While only two patients in the ketamine group were
ventilated with a bag-valve-mask due to deep hypoxia,
none of the patients in the propofol group required
bag-valve-mask ventilation. In our study, the jaw-thrust
maneuver was less in the ketamine group. Propofol,
ketamine, dexmedetomidine, etomidate, midazolam,
pentobarbital, and various combinations of these drugs
are used for pediatric gastrointestinal endoscopy pro-
cedures. Each drug has its own advantages and dis-
advantages, and this should be considered. Propofol,
especially when given as a bolus, may cause respira-
tory depression, apnea, and hemodynamic instabil-
ity2*24. In a large review that examined the safety
profile of propofol and included 17,066 patients, 9.3%
of patients had desaturation, 1.9% had apnea, and
1.4% needed assisted ventilation®®. Ketamine has
advantages such as having analgesic effect, less
respiratory depression, and not causing hemodynamic
instability. Disadvantages include nausea, unpleasant
recovery reactions, and rarely apnea or laryngospasm.
Hallucinations usually occur in children over the age
of 15. Apnea and laryngospasm occur in < 1% of
patients?¢2?7, Although ketamine generally preserves
airway muscle tone and protective reflexes and does
not suppress spontaneous breathing, desaturation is
sometimes inevitable in the case of laryngospasm. Our
findings were consistent with the literature.

Satisfaction scores of the team providing the seda-
tion were also measured. The evaluation was made
on parameters such as the patient’s immobility, main-
tenance of spontaneous breathing, analgesia, no need
for jaw-thrust, or assisted ventilation. There was no
significant difference between the two groups in terms
of anesthetist satisfaction. Even though ketamine, con-
sidering the above-mentioned characteristics, seems

to be more advantageous, it is not surprising that the
anesthetist who knows the pros and cons of both
drugs achieves similar satisfaction scores with both
drugs.

In our study, a statistically significant difference
was found between low, medium, and high IPI groups
in terms of ETCO,, RR, and SpO,. In the low IPI
group, ETCO,, RR, and SpO, values were below the
physiological limits. This was an expected result
when we consider the principle of the IPI's fuzzy
logic model methodology. The expected effect of
propofol is that the RR and subsequently SpO,
decrease. Ketamine can lower SpO, for the reasons
mentioned above. Respiratory depression has vari-
ous effects on ETCO,. Some studies have shown
that there is an increase in ETCO, values with seda-
tion?®2. However, insufficient CO, reaching the sam-
ple line with airway obstruction and hypoventilation
will be associated with a low ETCO, reading'. It should
be kept in mind that these measured CO, values do
not reflect arterial CO, values and there may be sig-
nificant differences between the two®. Arterial blood
gas analysis should be used for the latest. The low
ETCO, values in the low IPI group in our study were
consistent with the findings of Berkenstadt et al.' In
addition, RR and SpO, values were lower in the low
[Pl group in our study. Although reducing the IPI score,
which we evaluate over ten scales, to three scales as
low-medium-high makes the interpretation easier, it
may deprive us of some valuable physiological param-
eters. This must be done very carefully as it may
compromise the patient’s follow-up.

Our study had few limitations. First, the same anes-
thetist provided sedation to the patient and measured
the IPI scores. Blinding of this part of the study would
have resulted in more objective approach to the IPI
monitorization with two different drugs. Second limita-
tion of our study was that we did not measure the level
of sedation objectively. We do not routinely measure
the sedation-anesthesia depth for non-operating room
procedures, but in such a study, sedation depth moni-
toring with processed electroencephalography (EEG)
could have been important in terms of the group homo-
geneity; yet keeping in mind that the processed EEG
monitor could be unreliable in pediatric patients. Thirdly,
we included both upper endoscopy and colonoscopies
in the study. Anesthetic implications of these are differ-
ent, specifically as regard to the airway control for the
upper endoscopy and more need for analgesia for the
colonoscopy. Selecting only one of these procedures
for the study would have been more solid in terms of



the group homogeneity. Another is the age of the
patients. We had a broad range of the age, and the
pattern of the respiratory complications could have
been dependent on the age, so it would be prudent to
have a narrower age range for the patients. And finally,
we did not measure the patients’ pain levels objectively.
Considering that ketamine has analgesic activity unlike
propofol, having an objective pain scale would be valu-
able. Future studies may also include the measures of
depth of sedation such as Bispectral Index and/or level
of analgesia such as Analgesia Nociception Index.

Conclusion

IP1 monitor is a valuable tool in the monitorization of
the pediatric patients undergoing sedation for endo-
scopic procedures with propofol and ketamine. In this
study, we found that both propofol and ketamine were
associated with comparable IPI scores. IPI scores had
good correlation with the physiological parameter rou-
tinely monitored; and ETCO,, RR, and SpO, values
were measured lower in the patients with low IPI scores
(1-3 points).
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Abstract

Objective: Determine the level of inclusion in hospital disaster risk management of the Mexican Social Security Institute.
Methods: The methodology Disability Inclusion in Hospital Disaster Risk Management (INGRID-H) of the Pan American Health
Organization was adapted for self-assessment in 276 hospitals. Expert advice sessions were conducted using a cascade
format, including verification visits, and 180 days between each evaluation. Results: In the first self-assessment, 220 hospitals
submitted their reports, and in the second, 236. 186 met inclusion criteria and were selected for analysis. In the first self-
assessment the mean obtained for the level of inclusion was 36.70%, and in the second was 52.03%, with a correlation of
0.410 and p < 0.001, with a confidence interval of 95%, being statistically significant. Conclusions: The adaptation of the
INGRID-H tool using self-assessments and tutorials with experts made it possible to obtain a national diagnosis and increase
the level of inclusion for disaster risk management in hospitals.

Keywords: Risk management. Disaster. Disability. Inclusion. Hospitals.
Resumen

Objetivo: Determinar el nivel de inclusion para la gestion de emergencias y desastres en hospitales del Instituto Mexicano
del Seguro Social. Métodos: Se adaptd la metodologia de Inclusion para la Gestion de Riesgo de Desastres en Hospitales
(INGRID-H) de la Organizacion Panamericana de la Salud para su aplicacion mediante autoevaluacion en 276 hospitales.
Para ello, se realizaron sesiones de asesoria con expertos mediante un formato en cascada, visitas de verificacion y cumplir
con el tiempo de 180 dias entre cada evaluacion. Resultados: En la primera autoevaluacion, 220 hospitales enviaron sus
informes, y en la segunda lo hicieron 236. Se seleccionaron 186 hospitales que cumplieron con los criterios de inclusion para
el andlisis de resultados. La media obtenida para el nivel de inclusion en la primera autoevaluacion fue del 36.70% y en la
segunda fue del 52.03%, con una correlacion de 0.410 y p < 0.001, con un intervalo de confianza del 95%, siendo estadis-
ti-camente significativa. Conclusiones: La adaptacion de la herramienta INGRID-H basada en autoevaluaciones y tutorias
con expertos permitio obtener un diagndstico y realizar acciones con base en ajustes razonables para incrementar el nivel de
inclusion para la gestion del riesgo de desastres en los hospitales.
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|ntroduction

It is estimated that currently 1.3 billion people suffer
from a significant disability, representing approxi-
mately 16% of the world’s population. This number is
increasing due to the growth of non-communicable
diseases and the increase in people’s life expec-
tancy'2. This population represents one of the most
excluded groups and is disproportionately affected by
crises, emergencies, or disasters; even under normal
circumstances, people with disabilities have more dif-
ficulty accessing health, education, employment, and
social participation, and are two to four times more
likely to die in disasters and emergencies than people
without disabilities®.

In Mexico, according to the 2020 Population and
Housing Census, of 126 million inhabitants in the
country, 5.7% have a disability or some mental prob-
lem or condition®.

The 2023 Global Survey on Persons with Disabili-
ties and Disasters report by the United Nations Office
for Disaster Risk Reduction? reveals limited progress
in disability inclusion over the past 10 years. Disasters
affect everyone, but they have a disproportionate
impact on people with disabilities, who continue to
experience barriers to participation and social exclu-
sion, making it essential to consolidate actions and
efforts at all levels, and even more so from health
services, so that in times of emergencies and disas-
ters, in accordance with the “Safe Hospitals against
Disasters” strategy®, the premise of “leaving no one
behind” is met. This paper presents the experience of
the Mexican Social Security Institute (IMSS) in adapt-
ing for the implementation of the methodology of
“Inclusion for Disaster Risk Management in Hospitals”
(INGRID-H) from the Pan American Health Organiza-
tion (PAHO) and the World Health Organization (WHO)
as part of the actions being developed within the
framework of the “Institutional Policy for Health Care
of Vulnerable Groups, with a Human Rights Approach
and Gender Perspective™.

The INGRID-H methodology promotes inclusion
based on addressing the needs of people with dis-
abilities working in the health facility, is aimed at all
hospital staff, and emphasizes those who work in
emergency and disaster risk management. The
aspects it evaluates are the visibility of people with
disabilities, the participation of people with disabilities,
universal accessibility, capacities developed for disas-
ter response, and the hospital emergency and

disaster response plan. Once the hospital is evalu-
ated, it obtains a score that categorizes it as exclu-
sionary, probably inclusive, or inclusive, and actions
are recommended for implementation to increase the
level of inclusion’®,

Methods

With the support of the WHO/PAHO Collaborating
Center Mex-35 for resilient health services and with
the aim of standardizing interventions and advice, a
team of facilitators in the INGRID-H methodology was
formed for health personnel with training and experi-
ence in health service management and accredited
as evaluators of Mexico’s “Safe Hospital Program.”
These health professionals joined the task teams both
in disseminating information and providing advice
regarding the INGRID-H methodology and in subse-
quent verification visits throughout the country.

The need to adapt the INGRID-H methodology so
that it could be applied in a self-assessment format
rather than an evaluation by facilitators was observed,
in order to achieve national deployment and wide-
spread dissemination of this activity, and to have infor-
mation from IMSS hospitals within defined timeframes
(180 days between each evaluation). The universe of
hospitals was 276, including second and third-level
units, and a goal of 80% submission compliance for
self-assessments was established.

Advisory phase

From July to September 2022, four in-person train-
ing workshops were held for each region of the coun-
try (IMSS medical units at all three levels of care are
organized for practical purposes into four geographi-
cal regions in the Mexican Republic: central, south-
east, west, and north), with the participation of a total
of 230 health professionals assigned to different hos-
pitals. The workshops included conceptual aspects of
disability, inclusion, methodology, and the use of the
INGRID-H tool.

During October and November 2022, 404 national
hospital directors were trained through regional virtual
sessions on how to conduct self-assessments using
the INGRID-H methodology, during which commit-
ments were established:

— The governing body had to establish its task team

for the self-assessment.

- The dates and method for submitting self-assess-

ment forms along with graphic evidence.



Self-assessment phase

The initial self-assessment and the 180-day self-
assessment (according to the cycle specified by
INGRID-H) were received via email, and a shared
folder was enabled in the institutional cloud to receive
evidence of the actions implemented in each hospital,
in accordance with the basic INGRID-H action plan.

The units submitted the basic action plan and the
evaluation report with the INGRID-H tool in electronic
format.

To facilitate monitoring of progress and evaluation
results, a Microsoft SharePoint web portal for internal
communication and a dashboard in Microsoft Power
Bl were developed, which allowed for a higher degree
of compliance with the commitments established for
national deployment.

Verification and advisory phase

When the facilitator team decided to adapt the
INGRID-H methodology to a self-assessment format,
it was considered that there could be a bias in the
information, both due to the risk of unfamiliarity with
concepts and due to underestimation or overestima-
tion in the way of self-assessment, and for this reason,
the need to implement verification visits and validate
the information was established. During these visits,
the self-assessment information, the hospital emer-
gency and disaster plan, and the actions implemented
in the hospital were reviewed and validated, and a tour
of the facilities was also conducted, and personnel
were interviewed. As an added value, the hospital
session was scheduled to take place on the day of
the visit so that the facilitator team could present the
topic “For a Culture of Inclusion” to the staff.

Results

For the national deployment of INGRID-H, a total of
276 hospital medical units were included: 240 second-
level care, 33 third-level care, and 3 outpatient care.

In the first self-assessment, 220 reports were
received, representing 80% of the total units included,
and for the second self-assessment, 236 reports were
received, representing 86% of the total units.

The first self-assessment is considered the unit’s
initial diagnosis, and the second self-assessment
allows for tracking and implemented actions to
increase its level of inclusion. According to the
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methodology established by PAHO/WHO, the cycle
should be completed in 180 days, but in reality, the
timeframes for collecting information, validating infor-
mation, conducting verification visits, analyzing
results, and monitoring action plans cause processes
to take longer to conclude, sometimes requiring peri-
ods between each cycle longer than defined.

When comparing the self-assessments and for the
analysis of the results, 90 units were excluded, either
because they did not submit one of the self-assess-
ments or because the requested information was
incomplete; therefore, the comparative analysis of
results was performed on 186 hospitals. The classifi-
cation of hospitals according to their overall score is
shown in figure 1.

In the first self-assessment, 125 hospitals were
classified as exclusionary, 45 as probably inclusive,
and 16 as inclusive. In the second self-assessment,
67 hospitals were classified as exclusionary, 77 as
probably inclusive, and 42 as inclusive. We observed
a 46% reduction in hospitals classified as exclusion-
ary, as well as a 70% increase in hospitals classified
as probably inclusive and a 163% increase in the
number of units classified as inclusive. The minimum
score obtained in the first self-assessment was 1.86%
and the maximum was 93.76%; in the second self-
assessment, the minimum score was 8.94% and the
maximum was 98.04% (Fig. 2).

For each of the aspects evaluated by INGRID-H, a
comparative analysis of the results was carried out
and three compliance ranges were established: 0% to
<44.9%, = 44.9% to < 72.5% and = 72.5% to 100%,
according to the INGRID-H index scale (Fig. 3). For
statistical analysis, the t-test for related samples was
applied, using SPSS software version 25.0. It was
found that the mean obtained in the first self-assess-
ment was 36.70% and in the second self-assessment
it was 52.03%, with a correlation of 0.410 and a
p value < 0.001, with a 95% confidence interval, so
the difference between the overall results is statisti-
cally significant (Tables 1 and 2).

Discussion

The midterm review of the Sendai Framework®
emphasizes the importance of adopting a
whole-of-society approach to encompasses all of
society for the implementation of inclusive disaster
risk reduction, and underscores the urgency of involv-
ing all segments of society, including people with dis-
abilities who are often overlooked, in disaster
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Figura 1. Classification of hospitals according to their level of inclusion.
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Figura 2. Overall results of the two self-assessments.

preparedness, response, and recovery efforts. People
with disabilities are not visualized before, during, or
after an emergency, or even more so, they are not
integrated, consulted, or represented in emergency
management, and therefore we do not know what their
needs are™.

Published works on accessibility and inclusion have
focused on the resources and perceived barriers by
users and managers of health facilities with a focus
on access to health services. In this regard, Villarreal
et al."" found limited accessibility at the second and
first levels of care in the IMSS, considering the barri-
ers that users have to overcome to access health
services and the available resources. There are also
extensive reports of accessibility evaluations with a
focus on physical barriers, the chain of accessibility,
and communication, such as the one published by the
Coordinating Federation of People with Physical

Tabla 1. Statistics of paired samples

Aspect to compare Mean n Std Mean error
deviation
Pair 1 INGRID-H 1 36.70% 186  20.98% 1.54%
INGRID-H 2 52.03% 186  22.99% 1.69%
Pair 2 Visibility 1 32.17% 186  31.66% 2.32%
Visibility 2 52.70% 186  32.28% 2.37%
Pair 3 Representation 1 17.20% 186  34.35% 2.52%
Representation2 ~ 39.43% 186  44.23% 3.24%
Pair 4 Accessibility 1 47.33% 186  19.49% 1.43%
Accessibility 2 55.50% 186  18.88% 1.38%
Pair5 Capabilities 36.52% 186 35.31% 2.59%
Capabilities 2 47.99% 186  34.43% 2.52%
Pair 6 Hospital plan 48.31% 186  32.01% 2.35%
Hospital plan 2 61.83% 186  29.45% 2.16%

Table 2. Correlations of paired samples

Aspect to compare n Correlation p

Pair 1 INGRID-H 1 and INGRID-H 2 186 041  0.000
Pair 2 Visibility 1 and visibility 2 186 0.293  0.000
Pair 3 Representation 1 and representation 2 186 0.235  0.001
Pair 4 Accessibility 1 and accessibility 2 186 0.351  0.000
Pair 5 Capabilities 1 and capabilities 2 186 0.306 0.000
Pair 6 Hospital plan 1 and hospital plan 2 186 0.285  0.000

Disabilities of Gipuzkoa', which undoubtedly contrib-
ute to guaranteeing access to services and represent
a solid basis for inclusion in disaster risk manage-
ment. Gutierrez et al.”® validated an inclusion assess-
ment scale for centers and services for people with
disabilities, in order to help organizations self-assess
their status regarding inclusive values and processes,
and thus facilitate the development of inclusive cul-
tures, policies, and practices.

The adaptation of the PAHO/WHO INGRID-H meth-
odology into a self-assessment format allowed for a
large-scale initial diagnosis to understand our current
position and define, according to the action plan, spe-
cific activities to strengthen inclusion. A total of 186
units submitted their information in the first self-
assessment, which allowed us to observe that we do
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Figura 3. Comparison of results obtained by hospitals in each aspect of INGRID-H.

not know people with disabilities, much less involve
them in risk management. Considering that the visibil-
ity and participation emphasized by INGRID-H are
based on the personnel working in the workplaces, it
allowed the medical units to generate actions from the

governance to include them in their committees and
plans. The WHO’s Guidance Note on Disability Risk
Management and Health Emergencies states that
before an emergency, we must identify pre-existing
vulnerabilities, resources, and service gaps for people
with disabilities, as well as opportunities to reinforce
and strengthen capacities. When comparing these
items in the second self-assessment, we observed
that in both visibility and participation, the compliance
percentage increased in the units'.

An example of the need to continue promoting the
inclusion of people with disabilities is found in the
publication by Qi and Hu', which refers to the fact
that COVID-19 emergency declarations in China
lacked an inclusion perspective by overlooking the
needs of people with disabilities, which shows that in
the face of a serious public health crisis, and with
knowledge of this right, they continue to be left aside.
Inclusive communication from hospitals is feasible,
and we could observe this from the impulse given to
specific actions in accessibility to strengthen the
autonomy of people with disabilities; an example of
this was the adaptation of signage in evacuation
routes, and during verification visits, it was observed
that in some units, health personnel took Mexican sign
language courses.

The integration of people with disabilities in disaster
risk management allows them to provide us with the

necessary information so that their specific capabilities
and needs are integrated into the plans. An example
of how plans can be inclusive is the 2022 National Fire
Protection Association (NFPA) document, Emergency
Evacuation Plan, Guide for People with Disabilities',
which provides guidance for developing an emergency
evacuation plan that includes people with disabilities.

Upon reviewing the results obtained in the self-
assessments, hospital response plans, although they
considered people with disabilities, did not actually
comply with what is reviewed in INGRID-H, so empha-
sis was placed on how to integrate the inclusion vari-
able, but above all with the vision that it is directed
towards the medical unit worker, in addition to how to
strengthen their capacities and the importance of con-
ducting inclusive simulation exercises and drills.

As mentioned, the INGRID-H methodology is based
on disaster risk management from the inclusion of
people with disabilities. It is necessary to continue
strengthening inclusion from a human rights perspec-
tive in which universal access to health services
becomes a reality, and why not, visualize that through
this strategy, interventions can also be promoted to
eliminate any type of cultural, educational, economic,
political barriers, etc.,"1.

Conclusions

The INGRID-H methodology focuses on hospital
workers with disabilities and encourages them
to participate in disaster risk management. The
adaptation and implementation of INGRID-H through
self-assessment from the strategic level, with a
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mentoring-based methodology with experts directed
to the tactical and operational levels in a cascading
manner, allowed for greater reach in less time and a
large-scale diagnosis to focus resources and efforts
with the aim of increasing the level of inclusion in
hospitals facing emergencies and disasters, but above
all, to fulfill the premises of “leaving no one behind”
and “nothing about us without us™*®.

Inclusion in disaster risk management is one of the
pillars of hospital and health sector resilience, and it
is through the institutionalization of these strategies
that a greater impact can be achieved. The experi-
ence gained with this project sets the stage for further
progress in the culture of inclusion and respect for the
rights of people with disabilities.
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Is it possible for end-tidal carbon dioxide analysis to replace
non-invasive blood pressure measurement?

Es posible que el andlisis de dioxido de carbono al final de la marea sustituya a la
medicion no invasiva de la presion arterial?

Halide H. Sahinkaya® and Gézde Glirsoy-Cirkinoglu

Anesthesiology and Reanimation Department, Izmir City Hospital, Izmir, Turkey

To the Editor,

The number and the complexity of interventions
performed in the pediatric cardiac catheterization lab-
oratory (CCL) have been increasing in recent years.
Anesthesia-related cardiac arrests have been reported
as 1.2-8.7 times higher in the CCL than that for events
occurring under general pediatric anesthesia'. There-
fore, providing continuous hemodynamic monitoring is
the most important issue in CCL.

Radiofrequency ablation (RF) has proven to be an
effective method for the treatment of cardiac arrhyth-
mias in pediatric patients and has been used fre-
quently in CCL. The procedure is preceded by an
electrophysiological study that performs a systematic
analysis of arrhythmias in the basal state and by eval-
uating the patient’s response to programmed electri-
cal stimulation. RF ablation is performed on the
abnormal pathway after the arrhythmia has been
induced, following an electrophysiologic study and
cardiac mapping, which are used to identify and locate
the area responsible for the arrhythmia. Interaction
between tissue and catheter is crucial for safety and
success. Contact force (CF) refers to the contact
between the catheter and tissue. Rapid cardiac pac-
ing, or rapid atrial pacing (RAP), improves the stability
of and helps better CF2. Deep hypotensive periods,
which begin and end abruptly secondary to tachycar-
dia, may be observed during periods of RAP and
induced tachyarrhythmia. In addition, the type of
arrhythmia and cardiac reserve may cause hemody-
namic variability. There is a delayed time for detecting
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hypotension when only non-invasive blood pressure
is monitorized for follow-up. This raises the question:
is standard non-invasive monitoring sufficient for
these patients? Do we need invasive arterial blood
pressure monitoring for all patients?

Arterial cannulation for monitoring in children has
minor complications, such as localized hematoma, or
major complications such as thrombosis, acute inter-
ruption of arterial blood supply resulting in permanent
ischemia and infection. Therefore, invasive arterial
blood pressure monitoring is preferred in selected
patients for special procedures. This raises the sec-
ond question: What other monitoring method can we
use to monitor hypotension in pediatric cardiac RF
patients?

End-tidal carbon dioxide (ETCO,) analysis and
blood pressure measurement are required according
to American Society of Anesthesiologists (ASA) stan-
dards for basic anesthetic monitoring®. Continual
ETCO, analysis is a non-invasive, real-time monitor-
ing as a cardiac-output-related parameter and also
assesses the ventilation®. ETCO, has been found to
be well correlated with hemodynamic changes. When
minute volume of respiration stays stable, it may be
assumed that low values of ETCO, may be attributed
to changes in cardiac output. Any level of ETCO,
measured during cardiopulmonary resuscitation cor-
relates with return of spontaneous circulation or sur-
vival in adults experiencing cardiac arrest®.

Tachyarrhythmia begins and resolves rapidly in
radiofrequency ablation. This is rapidly reflected in
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ETCO,, as well. Hence, continual ETCO, monitoring
allows us to detect hypotension early by comparing
the baseline value.

As a result, the answer stays here; ETCO, can be
easily used to detect hypotension immediately without
waiting for the non-invasive blood pressure measure-
ment time, and early intervention is possible during
pediatric RF ablation.
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Letter to the editor about the article “Association between
complete blood count parameters and histologically proven
acute appendicitis”

Carta al editor sobre el articulo “Asociacion entre los parametros del hemograma y la
apendicitis aguda histolégicamente comprobada”

Enes Agirman'®, Rifat Peks6z?®, and Sabri S. Atamanalp?
'Department of General Surgery, Erzurum City Hospital; 2Department of General Surgery, Atattirk University Research Hospital. Erzurum, Turkey

To the Editor,

We read with great interest the article by AlHarmi
R., titled “Association between complete blood count
parameters and histologically proven acute appendi-
citis.” This publication highlights the importance of
laboratory values in the diagnosis of acute appendici-
tis'. Acute appendicitis is the most common surgical
emergency in both pediatric and adult populations. Its
diagnosis relies on clinical findings, blood parameters,
and imaging modalities. While the diagnostic efficacy
of imaging methods currently exceeds 90%, their uti-
lization can be restricted by various factors. In pediatric
patients, challenges include patient non-compliance,
concerns regarding radiation exposure from computed
tomography (CT), and the inherent difficulty for pedi-
atric patients to articulate symptoms. In adults, preg-
nancy and contrast-induced nephropathy are
additional considerations limiting CT use. Ultrasonog-
raphy offers a non-invasive and safe alternative, but
its widespread applicability is hindered by the neces-
sity for specialized operator skills, preventing its rou-
tine use by all clinicians. Particularly for physicians
practicing in rural settings, blood parameters emerge
as the most readily available and crucial diagnostic
tool. Among laboratory assessments, the complete
blood count holds a prominent position. Its rapid turn-
around time, near-universal accessibility in healthcare
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facilities, and satisfactory diagnostic value render it a
valuable diagnostic instrument. Consequently, studies
investigating blood parameters in patients with acute
appendicitis are of considerable significance. The
authors’ valuable contribution will undoubtedly enrich
the existing literature. However, engaging in a discus-
sion about this study will contribute to both the current
study and future investigations. We've shared some
aspects of this study that piqued our interest and
offered recommendations for the article.

First, the authorsindicated that the platelet-to-lymphocyte
ratio (PLR) demonstrates diagnostic utility, even if at a low
value. However, the diagnostic efficacy values of PLR
(AUC, sensitivity, and specificity) are insufficient for its
use in diagnosis or differential diagnosis. It's possible that
other parameters not assessed in the study might have
similar diagnostic efficacy to PLR.

Second, bilirubin has recently emerged as a signifi-
cant laboratory parameter under investigation for
determining acute appendicitis and predicting compli-
cated appendicitis?. Notably, it serves as an important
indicator for detecting perforation, particularly in pedi-
atric patients®. We recommend that the authors con-
sider incorporating bilirubin levels into their current or
prospective studies, as this could yield more impactful
findings.
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Third, the inclusion and exclusion criteria should be
clearly defined. Many conditions, such as systemic
diseases, hematological disorders, malignancies, and
pregnancy, directly influence blood parameters®.
Therefore, patients with these conditions should be
excluded from the study. The article does not provide
information on whether such patients were included.

Another point to consider is the negative appendec-
tomy rate, which is reported in the literature to be
between 10% and 15%, with some studies even reach-
ing 30%°. However, in your study, this rate appears to
be 0%. Could you please explain how this is accounted
for? Or, if such cases existed, were these patients
excluded from the study?

Finally, when describing the clinical characteristics
of the study groups, including information such as
duration of symptoms (days), length of hospital stay,
and any complications that developed, would lead to
a better understanding of the patient cohorts. This
information could be presented in descriptive statistics
of the study groups table

We congratulate the authors on their successful
study and eagerly await their response to our letter.
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