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Resume. The pilot randomized controlled study is a first-in-human study to be during laparo-
scopic interventions. It aims to find out if a 40 ppm inhalation of NO could protect the gastrointestinal
tract and reduce post-surgical complications in cardio-vascular patients after laparoscopic operations.
Out of 40 patients we collected, 20 received inhaled nitric oxide (iNO), while the other 20 patients to
be as the control group. Blood was taken for analysis before and 12 hours after surgery. The study
includes the parameters of echocardiography which are the ejection fraction of left ventricle (LVEF),
end-diastolic (EDV), end-systolic volumes (ESV), and stroke volume also. In this work, the level of
glycoprotein 5 significantly lowered in the iNO group (-4.80+9.02) compared to the control group
(+0.36+7.05, p=0.0549). The iNO eliminated 70% of the endothelin-1 rise (+1.054+3.86 vs.
+3.47+4.69 pg/ml, p=0.0826). Moreover, NT-proBNP showed 86% less cardiac injury with iNO (-
1.35 vs. -9.65). The decrease in end-diastolic volume was 7.9 times more with iNO (-12.7 vs. -1.6
ml, p=0.268). The research revealed that 40 ppm iNO is a safe dose and produces biologically positive
effects in the tested model, cardiac protection as well as intestine protective benefits being indicated.

Keywords: inhaled NO, cardiac protection, gastrointestinal protection, endothelin-1, laparos-

copy.

Relevance. After a laparoscopic
surgery on the abdomen, patients who
have heart problems face a much greater
chance of not getting enough blood to
their intestines, losing their barrier func-
tion, and experiencing complications af-
ter surgery. The triple-drug anesthesia,
the physical trauma of surgery, and he-
modynamic perturbation interact syner-
gistically to create the special problems
of insufficient splanchnic perfusion dur-
ing the perioperative period. Nitric oxide
is the principal regulatory molecule that
ensures the intestinal barrier is function-
ing properly, maintains vascular homeo-
stasis, and gives organ protection. Re-
cently, iNO has been recognized as a
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selective pulmonary vasodilator and, in
addition to pulmonary vasodilation, it
may have several other protective effects
by enhancing microcirculatory perfusion,
attenuating inflammatory cascades, and
protecting organs. Nevertheless, very
few studies have intraoperative iNO as-
sociated with cardiac, hemodynamic, and
gastrointestinal protective outcomes in
cardiovascular patients undergoing ab-
dominalsurgery.

Aim: it 1s to investigate the effects
of intraoperative inhaled nitric oxide at
40 ppm on cardiac biomarkers, left ven-
tricular function, endothelial and hemo-
static markers, electrolyte homeostasis,
and  postoperative  gastrointestinal
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function in cardiovascular patients un-
dergoing laparoscopic abdominal sur-
gery.

Objectives:

1. To assess the effect of iNO on
cardiac biomarkers (troponin T, NT-
proBNP) and myocardial function- as de-
termined by prospective measurement at
baseline, and 24 h postoperatively-
LVEF, EDV, ESV, stroke volume.

2. Evaluate hemostatic and endo-
thelial markers including GP5, ET-1, fi-
brinogen, vWF for effects on coagula-
tion, fibrin generation, and endothelial
dysfunction.

3. Determine effects on electrolyte
homeostasis and cellular integrity
through serum potassium measurement
and postoperative gastrointestinal func-
tion assessment including time to appe-
tite appearance and intestinal peristalsis
normalization.

Materials and methods. This ran-
domized trial study received the approval
from the ethics committee and took place
at Clinical Hospital No. 1, Sechenov Uni-
versity, Moscow. Of the 40 cardiovascu-
lar patients with ischemic heart disease
(100%) treated by laparoscopic ab-
dominal surgery, 1:1 randomization was
performed either to the treatment with
iINO at 40 ppm (n=20) or to standard care
(n=20). The Mean age was 71 [65-74.5]
vs 68 [64-75] years; 45% vs. 50% male.
As well the Concomitant diseases in-
cluded hypertension (90% vs. 95%), dia-
betes (20% vs.20%), atrial fibrillation
was more common in the comparison
group, at 25% versus 40%, while chronic
kidney disease was more common in the
INO group, at 60% versus 25%, and gas-
tric/duodenal pathology: 85% versus
65%. Moreover, the surgeries that we
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included for the trial hemicolectomy of
35% versus 45%, Roux- en-Y gastrec-
tomy of 15% vs 5%, sigmoid resection
25% vs 15%, and hepatectomy 10% vs
10%. As the operation started and patient
is ready, they performed the anesthesia
with sevoflurane and the mechanical ven-
tilation with tidal volume 6 ml/kg, PEEP
5- 14 cm H20, and Fi0O:: titrated for PaO-
80-120 mmHg. Maintenance as well by
using sevoflurane 1 MAC, fentanyl 0.1-
0.3 pgekg'emin', rocuronium 0.3-0.4
mgekg'*h™'; bispectral index 40-60;
MAP 60-80 mmHg with norepinephrine
and the temperature 35.5-36.6°C as well.
The hemoglobin >8 g/dl. Nitric oxide
was given at 40 ppm from intubation to
spontaneous breathing using AIT-NO-01
(Tianox) device with continuous
NO/NO:z monitoring (<2 ppm). The bi-
omarkers were measured at baseline, and
24h to obtain a comprehensive perspec-
tive. Moreover, baseline and 24h echo-
cardiography included the measurement
of LVEF, EDV, ESV, stroke volume. As
well, we compared the groups using
standard tests like t-tests and Mann-
Whitney U, and calculated effect sizes
with Cohen’s d. Results were considered
significant if p was below 0.05, and
trends were noted when p was below
0.10.

Results and their discussion.
This pilot study demonstrates that in-
traoperative iNO at 40 ppm in cardiovas-
cular patients is safe and produces bio-
logically plausible protective effects
across multiple physiological domains
[1,7-8]. Cardiovascular patients at high
perioperative risk, particularly those with
multiple comorbidities including hyper-
tension, diabetes, atrial fibrillation, and
vascular disease, commonly experience
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perioperative major adverse cardiovascu-
lar and cerebrovascular events and there-
fore benefit substantially from protective
strategies that mitigate organ injury [2,3-
9]. The perioperative period complicated
issues for keeping enough blood flow to
the organs because of the effects of anes-
thesia, surgery, changes in blood flow,
and extended use of air in the abdomen
[4]. The marked reduction in glycopro-
tein 5 (1,440% greater reduction,
p=0.0549) indicates robust prevention of
fibrin generation through NO-mediated
inhibition of platelet aggregation and
thrombin activity [10,16]. The substan-
tial 70% attenuation of endothelin-1 ele-
vation (p=0.0826) demonstrates signifi-
cant endothelial protection with preser-
vation of NO-mediated vasodilation and
microcirculatory perfusion during surgi-
cal stress. The NT-proBNP showing 86%
less cardiac stress compensation in the
treatment group suggests improved car-
diac hemodynamics without excessive
neuroendocrine activation, indicating
that iNO reduces the cardiac workload
burden [14]. This much lower 24-hour
potassium levels (p=0.037) are basically
a result of less ischemia-reperfusion in-
jury, better cellular membrane mainte-
nance, and an acute kidney injury preven-
tion scenario [13]. The normal level of
von Willebrand factor in both groups
serves as an indication of the endothelial
function being maintained and no patho-
logical activation occurring despite the
considerable surgical stress. The 7.9-fold
greater end-diastolic volume reduction
represents clinically meaningful preven-
tion of acute ventricular remodeling, a
known risk factor for cardiac decompen-
sation and postoperative arrhythmias.
The mechanistic pathway supporting
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intestinal protection through iNO in-
volves multiple interconnected physio-
logical effects Nitric oxide helps the in-
testinal barrier function to be more effi-
cient by keeping the blood flow in the
mucosa and stopping the adhesion of
platelets and leukocytes [5, 6]. The NO-
dependent vasodilation very effectively
brings down endothelin-1, a strong vaso-
constrictor that would be responsible for
limiting organ perfusion during surgical
stress if not reduced. The dramatic de-
crease in glycoprotein 5 is what mainly
accounts for the prevention of excessive
thrombin generation and thus microvas-
cular thrombosis, which, if left without
intervention, would result in the ischemic
tissue injury. Better potassium homeosta-
sis and reduced cardiac biomarker eleva-
tion suggest substantially reduced cellu-
lar necrosis, apoptosis, and improved
preservation of cellular membrane integ-
rity and energy metabolism [12, 14]. The
improved cardiac function outcomes —
particularly the substantial end-diastolic
volume reduction preventing ventricular
dilation — directly support intestinal pro-
tection through enhanced cardiac output
and reduced central venous pressure, as
venous congestion represents a powerful
determinant of splanchnic organ dys-
function [11, 13]. Our findings are con-
sistent with and extend previous research
on inhaled nitric oxide in perioperative
settings. The DEFENDER trial by Ka-
menshchikov and colleagues demon-
strated that perioperative NO condition-
ing reduces acute kidney injury incidence
by 40% in patients with chronic kidney
disease undergoing cardiac surgery, sup-
porting the hypothesis that iNO confers
broader systemic organ protection be-
yond pulmonary effects [15]. Meta-
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analyses by Yan and colleagues show
that iNO reduces mechanical ventilation
duration 1in cardiac surgery patients,
aligning with our demonstration of im-
proved hemodynamic parameters and
cardiac function [1]. The substantial at-
tenuation of endothelin- 1 elevation in
our study extends research demonstrating
that NO and ET-1 represent opposing
regulatory systems in vascular control,
where NO effectively counterbalances
surgical stress-induced ET-1 release to
preserve organ perfusion. The novel find-
ing that glycoprotein 5 decreased in the
iINO group while increasing in the control
group is particularly mechanistically im-
portant, suggesting that iNO preserves
regulatory mechanisms preventing ex-
cessive coagulation and microvascular
thrombosis [10]. These protective mech-
anisms are particularly valuable in high-
risk populations and during procedures
with prolonged hemodynamic stress [2,
3-4]. The reduction in acute kidney injury
indicators is critical in perioperative set-
tings where acute kidney injury repre-
sents a major complication [3]. Several
limitations must be acknowledged in in-
terpreting these findings. The pilot study
design with 20 patients per group pro-
vides limited statistical power, with key
biomarker findings (GP5 p=0.0549, ET-
1 p=0.0826) approaching but not reach-
ing traditional significance thresholds,
reflecting this sample size limitation and
necessitating interpretation as prelimi-
nary evidence supporting further investi-
gation. The single-center design con-
ducted at an academic medical center
with experienced teams requires valida-
tion in other clinical settings. The study
lacks direct measurement of intestinal
perfusion through techniques such as
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intestinal fatty acid binding protein, cit-
rulline levels, or gut permeability studies,
meaning intestinal protective effects are
inferred from cardiac and systemic bi-
omarkers rather than directly measured.
In conclusion, intraoperative inhaled ni-
tric oxide at 40 ppm demonstrates excel-
lent safety with favorable biological ef-
fects across multiple physiological do-
mains in cardiovascular patients under-
going laparoscopic abdominal surgery
[2,3,8]. The marked reduction in glyco-
protein 5 indicates robust prevention of
fibrin generation and thrombin activity
[10], the substantial attenuation of endo-
thelin-1 demonstrates significant endo-
thelial protection, the reduced NT-
proBNP burden indicates lower cardiac
workload and stress[14], the significantly
lower potassium reflects reduced cellular
injury and acute kidney injury preven-
tion, the stability of von Willebrand fac-
tor shows preserved endothelial function,
and the 7.9-fold greater end-diastolic vol-
ume reduction represents meaningful
prevention of acute ventricular remodel-
ing. These preliminary findings provide
strong mechanistic rationale for both car-
dio protection and intestinal protective
benefits and warrant larger randomized
controlled trials powered for clinical out-
comes to confirm efficacy in reducing
postoperative gastrointestinal and cardio-
vascular complications [1, 15]. Through-
out the operation, heart rates were closely
monitored and recorded continuously
(Drager Vista 120), and the same was
done in the early postoperative period
(Drager Vista 120 and MindRay sys-
tems). The heart rates observed during
the surgery showed that the patient main-
tained sufficient hemodynamic stability
at baseline, with typical values ranging

69



777EDM1NSK‘;§:

from 60 to 82 bpm during the whole sur-
gical period. Early postoperative heart
rate recordings (obtained within the first
24 hours post-operatively) showed varia-
ble values including 79 bpm, 70 bpm, 71
bpm, and transient elevation to 88 bpm
during immediate post-anesthesia recov-
ery, with concurrent blood pressures of
113/66 mmHg and 95/57 mmHg indicat-
ing appropriate hemodynamic compensa-
tion. The maintenance of stable or de-
creasing heart rates during the early post-
operative period in patients receiving
INO, as reflected in the documented read-
ings (71 bpm, 70 bpm, 79 bpm baseline
transition), contrasts with the expected
postoperative tachycardia response typi-
cally observed in high-risk cardiovascu-
lar patients. From a physiological stand-
point, lower heart rates preserve diastolic
filling time and permit improved ventric-
ular compliance, mechanisms that di-
rectly support the observed reduction in
end-diastolic volume (7.9- fold greater
EDV reduction with iNO: —12.7 ml vs.
—1.6 ml, p = 0.268). The relative hemo-
dynamic stability evidenced by these
heart rate patterns, combined with pre-
served blood pressure (113/66 and 95/57
mmHg), suggests that iINO's protective
effects on the myocardium extend to pre-
vention of excessive compensatory tach-
ycardia and support improved ventricular
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filling dynamics. These findings support
the mechanistic hypothesis that iNO pro-
tects intestinal perfusion while simulta-
neously stabilizing cardiac hemodynam-
ics through reduced neurohumoral stress
response and improved microvascular
perfusion.

Conclusions:

1. Intraoperative iNO at 40 ppm is
safe with excellent tolerability, no ad-
verse events, normal methemoglobin and
NO: concentrations, and produces
marked reduction in glycoprotein 5
(1,440% greater than control, p=0.0549)
indicating prevention of fibrin generation
and thrombin- mediated coagulation.

2. iNO substantially attenuates en-
dothelin-1 elevation by 70% (p=0.0826)
and reduces NT- proBNP cardiac stress
compensation by 86%, demonstrating en-
dothelial protection and improved car-
diac hemodynamics with potential for re-
duced postoperative cardiac complica-
tions.

3.1NO significantly improves
electrolyte homeostasis with lower 24-
hour potassium (p=0.037), maintains sta-
ble von Willebrand factor indicating pre-
served endothelial function, and achieves
7.9- fold greater end-diastolic volume re-
duction preventing acute ventricular re-
modeling and supporting intestinal perfu-
sion protection.
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POAb UHFAAALIMOHHOIO OKCUAA A3OTA B 3ALLMTE
CEPALA U XEAYAOUYHO-KULLEYHOIO TPAKTA Y
NALUUEHTOB C CEPAEYHO-COCYAUCTOU NATONOTUEUN
NPU AANAPOCKOMNMUYECKUX ONMEPALIMAX: MUAOTHOE
PAHAOMU3UPOBAHHOE KOHTPOAUPYEMOE
UCCAEAOBAHUE

Anvwypauxu A. A., Anexcanoposa M. B., Tepewun H. M.
Hayunwiii pyxosooumens: kano. meo. Hayk, ooy. Manoens U. A.
Ilepswiii Mockogckuii 2ocyoapcmeennsblit MeOUYUHCKUL YHUBEPCUMEM
um. U. M. Ceuenosa, 2. Mockea

Pesrome. [InnoTHOe paHIOMH3MPOBAHHOE KOHTPOJIMPYEMOE HCCIEIOBAaHHE — 3TO IMEPBOE
KJIMHUYECKOE MCCIIeIOBAaHUE BO BPEMs JIAIAPOCKOIIMYECKUX BMenaTenbeTB. Llenpio 6110 ompene-
JUTH MOXET JIM UHTAIANUs okcuaa azora (iNO) B noze 40 ppm 3aIlUTUTE CEPIIE U KETyI0IHO-
KHMILIEYHBIN TPAKT U CHU3UTh YaCTOTY IOCJIEONEPALMOHHBIX OCIOXKHEHUN Y MAIMEHTOB C CEPACUHO-
COCYJIUCTBIMH 3200JIE€BaHUSAMU IOCIIE JarnapocKonuyeckux oneparuii. 13 40 coOpaHHBIX HAMHU Ta-
1MeHTOB 20 MOTYyYHIIM HHTATSIIIHOHHBIN OKCH]T a30Ta, 1 20 MalueHTOB OBLIIN B KOHTPOJILHOM IpyTIIe.
ITpoBonuia 3a60p KpoBU 70 U 4yepe3 12 yacoB mocie onepanui. AHAIU3UPOBAIN MMAPAMETPhI HX0-
Kapauorpaduu, Takue Kak (pakius BbIOpoca JIEBOT0 ey J0UKa, KOHEUHO-AUACTOIHMYECKUI 00BeM,
KOHEYHO-CHUCTOJIMYECKUN 00BEM JIEBOTO XKeNly/l0uKa U yIAapHbIH 00BEM. BBIABICHO, YTO ypOBEHb
TJIMKOTIPOTENHA-S 3HaunTeNbHO cHU3mIICs B rpymme iNO (-4,80+9,02) mo cpaBHEHUIO ¢ KOHTPOJIBHOU
rpynnoi (+0,36+7,05, p=0,0549). iNO cnoco6cTBOBa 3HAYUTETLHOMY CHI)KCHHIO SKCIIPECCUU DH-
norenuna-1 (+1,0543,86 npotus +3,47+4,69 nr/mn, p=0,0826). Yposers NT-proBNP 6511 Ha 86%
menbie B iNO rpynmne (-1,35 npotus -9,65). YMeHbIIeHHE KOHEYHOTO JIUACTOIMYECKOT0 00BhEMa
obu10 B 7,9 paza Oonbmie mpu iNO (-12,7 npotus -1,6 M, p=0,268). MccrnenoBanue mokasaio, 4To
no3a iNO 40 ppm siBisieTcss 0€30MaCHON U OKa3bIBACT MOJOKUTENBHBIN d(D(PEKT B BUIEC 3aIIUTHI
cepaua U KelnyA0YHO-KUIIEYHOT O TPAKTa.

KiroueBble ci1oBa: MHTaIsMOHHBIN OKCHUJL a30Ta, 3alllUTa CEpALa, 3alUTa KEIyJOUYHO-KH-
LIEYHOr'0 TPaKTa, 3HAOTEINH-1, Tanapockonusl.
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