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EF

Thirty days after surgery, EF was assessed by measuring 
the ΔICP/MAP during cavernous nerve stimulation at 2.5, 
5, and 7.5 V. Animals that received a sham operation had 
significantly greater EF (ΔICP/MAP) compared to the 
Crush group at all voltages (32% vs. 17% at 2.5 V, 38% vs. 
19% at 5 V, 39% vs. 23% at 7.5 V; α <0.05 for all). There 
was no significant difference in EF between the Crush and 

Traction groups (17% vs. 24% at 2.5 V, 19% vs. 24% at 5 V,  
23% vs. 27% at 7.5 V; α >0.05 for all). Furthermore, rats 
that underwent PTT showed comparable EF to those in the 
Sham surgery group at all voltages (24% vs. 32% at 2.5 V,  
24% vs. 28% at 5 V, 27% vs. 39% at 7.5 V; α >0.05 for all) 
(Figure 2). No voltage data was recorded for one of the 
traction animals due to technical difficulties, so n=7 for that 
group. 

Western blots

eNOS
Western blot analysis was performed on corporal tissue, 
which revealed significantly greater eNOS expression in 
the Traction group relative to the Crush group (1.6 vs. 0.5; 
α <0.05). Sample S1 had to be excluded due to apparent 
contamination when creating the protein lysate. There was 
no significant difference in eNOS expression between the 
Sham and Traction groups (Figure 3A,3B).

HIF-1α
HIF-1α western blot (Figure 3C) was performed on all 
samples, but the blot containing animals 1–4 for the Sham, 
Crush, and Traction group appeared contaminated and 
was thereby excluded from analysis. Analysis of animals 
5–8 from each group revealed significantly greater HIF-1α 
expression in the Traction group relative to the Crush group 
(2.1±1.4 vs. 0.3±0.2; α <0.05). There was no significant 
difference between the Sham and Traction group (1.1±0.5 
vs. 2.1±1.4; α >0.05) or the Sham and Crush groups (1.1±0.5 
vs. 0.3±0.2; α >0.05).

eNOS IHC

Slides stained with eNOS IHC are shown below (Figure 4).  
IHC was performed on several slides from each group 
(Sham n=3, Crush n=3, Traction n=4). Compared to the 
Crush group, the Traction group had noticeably increased 
expression of eNOS throughout the corpora. This confirms 
that the increased eNOS expression observed on western 
blot is due to increased expression in the corpora.

Trichrome staining

Trichrome staining was used to obtain SM-to-COL ratios 
for each group (Figure 5). Smaller SM-to-COL ratios 
indicate less SM and more fibrosis. The Sham and Traction 
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Figure 1 Graph showing average SPL of the Sham, Crush, and 
Traction group preoperatively and at the end of traction. The 
Traction group had significantly greater SPL than the Sham group. 
The Traction group had significantly greater SPL than the Crush 
group. ANOVA with Tukey-Kramer post-hoc analysis: *, α <0.05; 
**, α <0.01. SPL, stretched penile length; ANOVA, analysis of 
variance. 

Figure 2 Graph of EF as determined by change in ΔICP/MAP. 
The ΔICP/MAP in the Sham group was significantly greater than 
the Crush group at 2.5, 5, and 7.5 V. ANOVA with Tukey-Kramer 
post-hoc analysis: *, α <0.05. EF, erectile function; ΔICP/MAP, 
intracavernosal pressure/mean arterial pressure.
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were found. Organizing pneumonia was present in a limited 
amount in COVID-2 with intra-alveolar fibroblastic plugs.

Discussion

This study demonstrates the consequences of SARS-CoV-2 
induced COVID-19-ARDS on the human lung leading 
to organized fibrosis in different regions of the lung. The 
study shows that the lung volume decrease can be followed 
on serial CT scans with disease progression while density 
increased, however, different stages of radiological patterns 
are observed between and within COVID-19 patients. This 
is also the first study showing small airway pathologies in 
COVID-19 lungs.

Lung volumes showed an initial rapid decrease with a 
subsequent gradual decrease over the course of disease, 
which led to a reduced volume of about 60% in explanted 
lungs. Similarly, Robbie et al. demonstrated that lung 

volumes decline based on serial CT scans (28). The 
reduction in lung volume is probably caused by traction 
of the fibrosis on the periphery of the lung limiting the 
expansion. Increased lung density as seen in ARDS and IPF, 
particularly in the lower lobe, was also found in COVID-19 
lungs. The rapid onset of disease is in line with previous 
findings showing rapid abnormal chest CT in hospitalized 
patients after onset of symptoms (11). Clinically, it is shown 
that lung volume correlates with pulmonary function tests 
in IPF, indicating the potential to use this parameter to 
monitor disease in COVID-19 patients (29).

We showed, for the first time, that the number of visible 
large and small airways increased in COVID-19, probably 
caused by thickening of the airway wall and distortion of the 
lumen as also shown in IPF (30). Large airways were also 
present in more distal generations in COVID-19 patients 
as a result of traction bronchiectasis. This will severely 
impact gas delivery and exchange, leading to aggravation of 

Figure 5 CT features of COVID-19 lungs per lobe compared to control, ARDS, and IPF. (A) Density of COVID-19 lungs is increased in all 
lobes compared to controls while deterioration is equivalent in ARDS and IPF. (B) The most prevalent and typical CT features (blue arrows) 
are shown. COVID, coronavirus disease; ARDS, acute respiratory distress syndrome; IPF, idiopathic pulmonary fibrosis; GGO, ground glass 
opacities; CT, computed tomography.
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percentage of positive expression is higher in the group with 
comorbidities. The percentage of decrease in the positivity 
of the test is similar in both groups, for the first month, they 
start with 60% and 67% for the group with comorbidities 
and without respective comorbidities, while for the sixth 
month it is 5.8% and 2.7% respectively (Figure 2).

Of the 237 included in the study, 110 patients required 
hospital management. In Figure 3, we show that the IgG are 
higher in the patients that require hospital management due 
to moderate COVID-19 (P<0.001). In Table 3, we present 
the differences between the severity of COVID-19, the zeros 

represent that the patients did not express IgG against SARS-
CoV-2 nucleocapsid protein. Patients with severe COVID-19 
have more humoral responses with the production of more 
IgG than patients with mild COVID-19 (P=0.001).

Discussion

In this study, we describe seroprevalence of Anti-SARS-
CoV-2 IgG Antibodies in children characterized with the 
presence of comorbidities. Since March 2020, close to 
7 million children have tested positive for SARS-CoV-2 
in the United States (12). Levels of antibody represent 
important markers of protection against severe disease and/
or hospitalization (13), in our study, 63% have positive 
Anti-SARS-CoV-2 IgG, this number is much higher 
than the reported by Mamishi et al. (14) that was 24% 
but they report that nearly half of the patients suffered 
from an underlying disease including cardiovascular or 
immunodeficiency disorders and malignancies while in our 
study was the 32%.

It is important to mention a key difference between 
the immune response of children and adults is that the 
former show a higher expression of pattern recognition 
receptors (the proteins that detect aberrant RNA) in the 
respiratory epithelium and in anti-gen-presenting cells, 
such as macrophages and dendritic cells. The increase in 
receptors such as MDA5 and RIG-1 is, in turn, related 
to a more robust innate response against SARS-CoV-2, 
compared to the average adult. Some pediatric patients with 
severe symptoms also show damage to the IFN-1 response 
system, demonstrating the importance of this system in 
the pathophysiology of the disease, both in the adult and 
pediatric population (15).

Despite its selective advantage, the spread of more 
infectious variants such as omicron showed that children are 
also susceptible to severe clinical symptoms.

Innate immunity also recruits and coordinates specific 
T and B leukocytes via chemokines. These cells, along 
with natural killer cells, are part of acquired immunity. In 
short, this process generates neutralizing antibodies against 
protein S, thus preventing the virus from entering cells. 
Another key difference between young and adult patients is 
the amount of virgin leukocytes, since the latter group has 
a smaller reservoir and, therefore, cannot generate memory 
antibodies in the appropriate proportion to avoid a second 
serious clinical picture.

Méndez-Echevarría et al. (9) report that pediatric patients 

Figure 2 Percentage of patients with a positive IgG test. IgG, 
immunoglobulin G.

Figure 3 Quantification IgG by type of patients and month. IgG, 
immunoglobulin G.
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not, were directed to comfort care (26). Notably, there was 
no difference in mortality, showing that “predetermined” 
physiologic limits predicting mortality were inaccurate. 
This is consistent with previous evidence that an aggressive 
approach, giving every isolated CDH an opportunity for 
ECLS support and attempt at diaphragm repair, optimized 
survival (16). This evidence changed prenatal counseling 
and has warranted additional studies to be considered 
by the larger CDH community (26). These changes in 
early resuscitation, leveraging an aggressive approach and 
an opportunity for survival, offer many new avenues for 
change and open the door for further exploration. As we 
start to make advances in genomics and functional studies, 
the underlying causes and pathophysiologic challenges in 
CDH are becoming more apparent. By understanding the 
molecular mechanisms and pathways that are most frequently 
disrupted, medical teams are able to tailor each infants’ 
care based on their needs, using a “personalized medicine” 
approach, outcomes will continue to improve. Despite 
advances, discovering each mutation and the phenotypic 
variability associated with the myriad of variables remains a 
challenge and one that requires further exploration (29).

Defining and identifying current survival in high-risk 
CDH

Currently, the overall mortality in CDH remains between 
65% and 80%, largely depending on the institution, 

region, timing of identification of defect (early prenatal, 
late prenatal, liveborn, etc.), and length/completeness 
of follow-up (1). Classification of high risk CDH is now 
being based on prenatally identified factors, including 
ultrasound and MRI derived measurements, and/or 
postnatal factors including birth weight, Apgar score, 
severity of pulmonary hypertension, arterial blood gas 
values, oxygen saturation, and/or vital signs. The presence 
of major cardiac or chromosomal anomalies, irrespective of 
timing of identification, also may alter risk in CDH (30). 
High risk infants are those that are more likely to end up on 
ECLS therapies or those with a greater than 50% chance of 
mortality (30). The survival of these infant’s hinges on early 
detection and appropriate risk stratification for appropriate 
deployment of critical therapeutic interventions, family 
counseling, resource allocation, and establishment of care 
targets, including appropriate transitions in care (9,30). In 
many cases, prenatal imaging detects and appropriately risk-
stratifies the patient’s prior to birth, but risk is not static 
in these patients and variables like gestational age of birth, 
the transition from fetal circulation, and iatrogenic factors 
after birth all affect the patient’s outcomes and alter their 
evolving “risk profile” (9).

Prenatally, image derived measurements best predict 
high risk CDH. The most frequently obtained and 
investigated imaging findings include LHR, O/E LHR, O/E 
TFLV, absolute fetal lung volume (FLV), PPLV, percentage 
of liver herniation, and stomach herniation. O/E-LHR is the 

PGE1 maintains the ductus arteriosus 
patent to augment systemic blood flow 
through the aorta in the setting of left 

ventricular failure
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Figure 3 Effects of PGE1 on pulmonary hypertension on the heart. PGE1 is administered to maintain ductal patency in congenital heart 
disease allowing improved pulmonary and systemic blood flow. This approach can also be beneficial in infants with CDH who experience 
supra-systemic right ventricular pressures. A patent PDA can reduce the afterload on the right heart by serving as a “pressure relief valve”. 
Images created with BioRender. PGE1, prostaglandin E1; CDH, congenital diaphragmatic hernia; PDA, patent ductus arteriosus. 
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percentage of positive expression is higher in the group with 
comorbidities. The percentage of decrease in the positivity 
of the test is similar in both groups, for the first month, they 
start with 60% and 67% for the group with comorbidities 
and without respective comorbidities, while for the sixth 
month it is 5.8% and 2.7% respectively (Figure 2).

Of the 237 included in the study, 110 patients required 
hospital management. In Figure 3, we show that the IgG are 
higher in the patients that require hospital management due 
to moderate COVID-19 (P<0.001). In Table 3, we present 
the differences between the severity of COVID-19, the zeros 

represent that the patients did not express IgG against SARS-
CoV-2 nucleocapsid protein. Patients with severe COVID-19 
have more humoral responses with the production of more 
IgG than patients with mild COVID-19 (P=0.001).

Discussion

In this study, we describe seroprevalence of Anti-SARS-
CoV-2 IgG Antibodies in children characterized with the 
presence of comorbidities. Since March 2020, close to 
7 million children have tested positive for SARS-CoV-2 
in the United States (12). Levels of antibody represent 
important markers of protection against severe disease and/
or hospitalization (13), in our study, 63% have positive 
Anti-SARS-CoV-2 IgG, this number is much higher 
than the reported by Mamishi et al. (14) that was 24% 
but they report that nearly half of the patients suffered 
from an underlying disease including cardiovascular or 
immunodeficiency disorders and malignancies while in our 
study was the 32%.

It is important to mention a key difference between 
the immune response of children and adults is that the 
former show a higher expression of pattern recognition 
receptors (the proteins that detect aberrant RNA) in the 
respiratory epithelium and in anti-gen-presenting cells, 
such as macrophages and dendritic cells. The increase in 
receptors such as MDA5 and RIG-1 is, in turn, related 
to a more robust innate response against SARS-CoV-2, 
compared to the average adult. Some pediatric patients with 
severe symptoms also show damage to the IFN-1 response 
system, demonstrating the importance of this system in 
the pathophysiology of the disease, both in the adult and 
pediatric population (15).

Despite its selective advantage, the spread of more 
infectious variants such as omicron showed that children are 
also susceptible to severe clinical symptoms.

Innate immunity also recruits and coordinates specific 
T and B leukocytes via chemokines. These cells, along 
with natural killer cells, are part of acquired immunity. In 
short, this process generates neutralizing antibodies against 
protein S, thus preventing the virus from entering cells. 
Another key difference between young and adult patients is 
the amount of virgin leukocytes, since the latter group has 
a smaller reservoir and, therefore, cannot generate memory 
antibodies in the appropriate proportion to avoid a second 
serious clinical picture.

Méndez-Echevarría et al. (9) report that pediatric patients 

Figure 2 Percentage of patients with a positive IgG test. IgG, 
immunoglobulin G.

Figure 3 Quantification IgG by type of patients and month. IgG, 
immunoglobulin G.
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not, were directed to comfort care (26). Notably, there was 
no difference in mortality, showing that “predetermined” 
physiologic limits predicting mortality were inaccurate. 
This is consistent with previous evidence that an aggressive 
approach, giving every isolated CDH an opportunity for 
ECLS support and attempt at diaphragm repair, optimized 
survival (16). This evidence changed prenatal counseling 
and has warranted additional studies to be considered 
by the larger CDH community (26). These changes in 
early resuscitation, leveraging an aggressive approach and 
an opportunity for survival, offer many new avenues for 
change and open the door for further exploration. As we 
start to make advances in genomics and functional studies, 
the underlying causes and pathophysiologic challenges in 
CDH are becoming more apparent. By understanding the 
molecular mechanisms and pathways that are most frequently 
disrupted, medical teams are able to tailor each infants’ 
care based on their needs, using a “personalized medicine” 
approach, outcomes will continue to improve. Despite 
advances, discovering each mutation and the phenotypic 
variability associated with the myriad of variables remains a 
challenge and one that requires further exploration (29).

Defining and identifying current survival in high-risk 
CDH

Currently, the overall mortality in CDH remains between 
65% and 80%, largely depending on the institution, 

region, timing of identification of defect (early prenatal, 
late prenatal, liveborn, etc.), and length/completeness 
of follow-up (1). Classification of high risk CDH is now 
being based on prenatally identified factors, including 
ultrasound and MRI derived measurements, and/or 
postnatal factors including birth weight, Apgar score, 
severity of pulmonary hypertension, arterial blood gas 
values, oxygen saturation, and/or vital signs. The presence 
of major cardiac or chromosomal anomalies, irrespective of 
timing of identification, also may alter risk in CDH (30). 
High risk infants are those that are more likely to end up on 
ECLS therapies or those with a greater than 50% chance of 
mortality (30). The survival of these infant’s hinges on early 
detection and appropriate risk stratification for appropriate 
deployment of critical therapeutic interventions, family 
counseling, resource allocation, and establishment of care 
targets, including appropriate transitions in care (9,30). In 
many cases, prenatal imaging detects and appropriately risk-
stratifies the patient’s prior to birth, but risk is not static 
in these patients and variables like gestational age of birth, 
the transition from fetal circulation, and iatrogenic factors 
after birth all affect the patient’s outcomes and alter their 
evolving “risk profile” (9).

Prenatally, image derived measurements best predict 
high risk CDH. The most frequently obtained and 
investigated imaging findings include LHR, O/E LHR, O/E 
TFLV, absolute fetal lung volume (FLV), PPLV, percentage 
of liver herniation, and stomach herniation. O/E-LHR is the 
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Figure 3 Effects of PGE1 on pulmonary hypertension on the heart. PGE1 is administered to maintain ductal patency in congenital heart 
disease allowing improved pulmonary and systemic blood flow. This approach can also be beneficial in infants with CDH who experience 
supra-systemic right ventricular pressures. A patent PDA can reduce the afterload on the right heart by serving as a “pressure relief valve”. 
Images created with BioRender. PGE1, prostaglandin E1; CDH, congenital diaphragmatic hernia; PDA, patent ductus arteriosus. 
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premedication was used and patients were continuously 

monitored with noninvasive blood pressure monitoring 

(NIBP), heart rate, and oxygen saturation (SpO2) after 

arriving at the holding area of the operating theater. Prior 

to performing the ultrasound-guided block, the patient 

was placed in the supine position (Figure 1A). A high-
frequency ultrasound probe (5–13 MHz) was initially 
placed lateral to the umbilicus to show the rectus sheath, 
then moved laterally to visualize the EO, IO and TA, 
and the semilunar line as the connection between the RA 
and these three muscles (Figure 1B). A 22-gauge, 80-mm 
needle was inserted in an in-plane approach from lateral to 
medial aiming towards the bottom of the semilunar line. 
After negative aspiration, 20 mL of 0.25% ropivacaine was 
injected at the bottom of the semilunar line (Figure 1C). 
The anesthetic spread laterally and medially is shown in 
Video 1.

Outcomes and Assessment of sensory block and analgesic 
effect

The primary endpoint was the blocking range. At 10 min 
after administering the block, an investigator assessed 
temperature sensation of the anterior abdominal wall 
with alcohol swabs. All checks followed a clockwise order: 

Figure 1 The details of umbilical paramedian semilunaris approach for TAP block technique. (A) Diagram of ultrasound probe placement; 
(B) ultrasound images of semilunar line approach for abdominal fascial plane block; (C) after completion of the block LA spread medially
along the posterior rectus sheath and laterally along the transverse abdominal plane; (D) typical block area determined using alcohol skin
sensation test. RA, rectus abdominis muscle; EO, external oblique muscle; IO, internal oblique muscle; TA, transversus abdominis muscle;
TAP, transversus abdominis plane; LA, local anesthetic.

Video 1 Details of ultrasound-guided linea semilunar block.
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premedication was used and patients were continuously 

monitored with noninvasive blood pressure monitoring 

(NIBP), heart rate, and oxygen saturation (SpO2) after 

arriving at the holding area of the operating theater. Prior 

to performing the ultrasound-guided block, the patient 

was placed in the supine position (Figure 1A). A high-
frequency ultrasound probe (5–13 MHz) was initially 
placed lateral to the umbilicus to show the rectus sheath, 
then moved laterally to visualize the EO, IO and TA, 
and the semilunar line as the connection between the RA 
and these three muscles (Figure 1B). A 22-gauge, 80-mm 
needle was inserted in an in-plane approach from lateral to 
medial aiming towards the bottom of the semilunar line. 
After negative aspiration, 20 mL of 0.25% ropivacaine was 
injected at the bottom of the semilunar line (Figure 1C). 
The anesthetic spread laterally and medially is shown in 
Video 1.

Outcomes and Assessment of sensory block and analgesic 
effect

The primary endpoint was the blocking range. At 10 min 
after administering the block, an investigator assessed 
temperature sensation of the anterior abdominal wall 
with alcohol swabs. All checks followed a clockwise order: 

Figure 1 The details of umbilical paramedian semilunaris approach for TAP block technique. (A) Diagram of ultrasound probe placement; 
(B) ultrasound images of semilunar line approach for abdominal fascial plane block; (C) after completion of the block LA spread medially
along the posterior rectus sheath and laterally along the transverse abdominal plane; (D) typical block area determined using alcohol skin
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