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Ce nu este cunoscut, deocamdata, la subiectul abordat

Traditional, ventilarea pulmonara artificiala (VPA) intra-
anestezica a pacientului era efectuata in regim de hiperven-
tilare moderata (ETCO,=33-35 mmHg) sau normoventilare
(ETCO,=35-40 mmHg). Efectul ventilarii cu hipercapnie
(ETCO, 245 mmHg) permisivd, indusa intraanestezic, asupra
modificarilor echilibrului acido-bazic al pacientului nu a fost,
deocamdata, studiat.

Ipoteza de cercetare

Ventilarea pulmonara artificiala cu hipercapnie permisiva
(ETCO,=45-55 mmHg), indusa intraanestezic, nu afecteaza
mai puternic statutul echilibrului acido-bazic al pacientului
decat VPA in normocapnie.

Noutatea adusa literaturii stiintifice din domeniu

S-a constatat ca VPA cu hipercapnie permisiva (ETCO,=45-
55 mmHg), indusa intraanestezic in cadrul colecistectomiei
laparoscopice, nu induce modificari semnificativ diferite ale
echilibrului acido-bazic, comparativ cu VPA in normocapnie.
Modificarile acido-bazice constatate par sa fie induse de alte
procese (comorbiditati, hemodinamica, volemie) decat de hi-
percapnia intraanestezica.
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What is not known yet, about the topic

Traditionally, mechanical ventilation (MV) of the patient
during anesthesia was made in a moderate hyperventila-
tion regimen (ETCO,=33-35 mmHg) or normal ventilation
(ETCO,=35-45 mmHg). The effect of permissive hypercap-
nia (ETCO, 245 mmHg) during anesthesia on acid- base ba-
lance of the patient has not been studied yet.

Research hypothesis

Mechanical ventilation with permissive hypercapnia
(ETCO,=45-55 mmHg) during anesthesia, in laparoscopic
cholecystectomy does not affect acid-base balance stronger
than mechanical ventilation in normocapnia.

Article’s added novelty on this scientific topic

It has been established that MV with permissive hyper-
capnia (ETCO,=45-55 mmHg) during anesthesia in laparo-
scopic cholecystectomy does not affect acid-base balance
more than in normocapnia case. The observed acid-base
changes appear to be induced by other processes (comorbi-
dities, hemodynamics, volemia) than intraanesthetic hyper-
capnia.
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Rezumat

Introducere. Capnia este responsabila de o serie de efecte
fiziologice, cu impact clinic important. Ventilarea pulmonara
artificiald, pe durata anesteziei generale, poate asigura, sepa-
rat, atat oxigenarea, cat si nivelul de CO, din sange. Hipercap-
nia moderata a fost asociata cu o trezire mai rapida, cu bron-
hodilatare, cu reducerea riscului de infectie de plaga; totodata,
hipercapnia a fost asociata cu acidoza respiratorie, vasocon-
strictie pulmonara hipoxica, cresterea presiunii intracerebra-
le. Nu a fost studiat, deocamdata, impactul hipercapniei mo-
derate, induse intraanestezic, asupra echilibrului acido-bazic.

Materal si metode. Studiu prospectiv, consecutiv. Acordul
Comitetului de Etica a Cercetarii si al pacientului eligibil - ob-
tinute. Inrolati pacientii beneficiari de colecistectomie laparo-
scopica electiva, fara comorbiditati severe. Seturi de date com-
plete, analizate - 34 (lotul ,normocapnie” - 19 pacienti; lotul
Jhipercapnie” - 15 pacienti). Hipercapnia a fost indusa intraa-
nestezic prin cresterea spatiului mort al circuitului respirator.
Au fost Inregistrati parametrii antropometrici, durata aneste-
ziei, durata de spitalizare. Pentru a evalua echilibrul acido-ba-
zic, a fost colectata o proba de sange din artera radiala. Teste
statistice aplicate: t-Student nepereche, bicaudal (pentru date-
le de tip continuu, cu distributie normald), testul exact Fisher;
pentru datele de tip categorie. Soft statistic utilizat: GraphPad
Prism, versiunea 6 (Graph Pad Software Inc, CA, SUA).

Rezultate. Loturile de studiu - omogene din punctul de ve-
dere al repartizarii pe sexe, masei corporale, Inaltimii, varstei,
duratei anesteziei si celei de spitalizare. Rezultate comparati-
ve, lotul ,normocapnie” vs. ,hipercapnie”: pH 7,381 (95%CI:
7,366 - 7,396) vs. 7,306 (95%CI: 7,288 - 7,324), p<0,0001;
p02 192,8 (95%CI: 181,0 - 204,6) vs. 213,0 (95%CI: 189,4 -
196,3) mmHg, p=0,6300; HCO3 (actual) 22,51 (95%CI: 22,28
- 22,73) vs. 23,26 (95%CI: 23,06 - 23,46) mmol/], p<0,0001;
HCO3 (standard) 22,33 (95%CI: 22,02 - 22,63) vs. 23,01
(95%CI: 22,79 - 23,24) mmol/], p=0,0010; BE (actual), -2,032
(95%CI: -2,713 - -1,351) vs. -2,913 (95%CI: -3,772 - -2,054)
mmol/l, p=0,0932; BE (standard) -1,663 (95%CI: -2,345 -
-0,982) vs.-2,273 (95%CI: -3,115 - -1,432) mmol/], p=0,2356.
Analiza Bland-Altman ETCO2 vs. PaCO2: biasul = -0,1618; DS
al biasului = 1,532; Limitele de acord de 95% =-3,164 - 2,841.

Concluzii. (1) Cu toate ca pacientii ASA 1-2, beneficiari de
colecistectomie laparoscopica programata, ventilati pulmonar
artificial intraanestezic in hipercapnie permisiva indusa, pre-
zinta valori ale parametrilor echilibrului acido-bazic orien-
tate spre acidoza semnificativ mai frecvent si mai accentuate
decat pacientii ventilati in normocapnie, acestea nu ating o
semnificatie clinica, care sa necesite vreo interventie corecti-
va si sunt rapid reversibile dupa revenirea la normocapnie. (2)
Tulburarile acido-bazice intraoperatorii, indiferent de modul
de ventilare pulmonara artificiald, aplicata in studiu, sunt fa-
vorizate de postul preoperator prelungit, deshidratarea preo-
peratorie a pacientilor, BPOC, insuficienta cardiaca congestiva,
hipertensiunea arteriala si insuficienta renala cronica. (3) Cap-
nometria poate fi utilizata in locul gazometriei sanguine arte-
riale pentru dirijarea capniei intraanestezice, avand acuratete
diagnostica similara la contingentul mentionat de pacienti, dar
si avantajul noninvazivitatii si continuitatii afisarii valorilor.
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Abstract

Introduction. Capnia is responsible for several physiolo-
gical effects, with important clinical impact. Mechanical ven-
tilation during general anesthesia can separately assure both
oxygenation and blood levels of CO2. Moderate hypercapnia
was associated with a faster wake up, bronchodilation, redu-
ced risk of wound infection; at the same time, hypercapnia
was associated with respiratory acidosis, hypoxic pulmonary
vasoconstriction and a rise in intracranial pressure. The im-
pact of moderate hypercapnia, induced during anesthesia, on
acid-base balance has not been studied yet.

Material and methods. Prospective, consecutive study.
Ethics Research Committee’s and patient’s consent have
been received. The study enrolled patients scheduled for
elective laparoscopic cholecystectomy, without severe co-
morbidities. Data sets were complete and analyzed - 34 pa-
tients (out of which - 19 patients in “normocapnia” group,
and 15 - in “hypercapnia” group). Hypercapnia was provided
during anesthesia by a rising respiratory dead space. Were
registered anthropometric parameters, anesthesia length,
and length of hospital stay. In order to evaluate acid-base ba-
lance, was used a sample of arterial blood, from radial artery.
The following statistical tests were applied: t-Student unpai-
red test, two-tailed (for continuous type data, with normal
distribution), Fisher’s exact test, for category type data. The
used soft: GraphPad Prism, version 6 (Graph Pad Software
Inc., CA, USA).

Results. The study groups were homogenous from the
point of view of gender repartition, weight, height, age, an-
esthesia length and hospital stay length. Comparative results,
"normocapnia” vs. "hypercapnia"group: pH 7,381 (95%CI:
7.366 - 7.396) vs. 7.306 (95%CI: 7.288 - 7.324), p<0.0001;
p02 192.8 (95%CI: 181.0 - 204.6) vs. 213,0 (95%CI: 189.4
- 196.3) mmHg, p=0.6300; HCO3 (actual) 22.51 (95%CI:
22.28 - 22.73) vs. 23.26 (95%CI: 23.06 - 23.46) mmol/],
p<0.0001; HCO3 (standard) 22.33 (95%CI: 22.02 - 22.63) vs.
23.01 (95%CI: 22.79 - 23.24) mmol/l, p=0.0010; BE (actu-
al), -2.032 (95%CI: -2.713 - -1.351) vs.-2.913 (95%CI: -3.772
- -2.054) mmol/l, p=0.0932; BE (standard) -1.663 (95%CI:
-2.345 - -0.982) vs. -2.273 (95%CI: -3.115 - -1.432) mmol/],
p=0.2356.

Conclusions. (1) Although patients with ASA 1-2, schedu-
led laparoscopic cholecystectomy, ventilated artificially, intra-
anesthetic, in induced permissive hypercapnia, have acid-ba-
se parameters oriented to acidosis more frequently and more
pronounced than those ventilated in normocapnia, this do not
achieve clinical significance requiring any corrective interven-
tion and are rapidly reversible after returning to normocapnia.
(2) Intraoperative acid-basic disorders, regardless of artificial
pulmonary ventilation mode applied in the study, are favored
by prolonged pre-operative post, pre-operative dehydration
of patients, COBP, congestive heart failure, hypertension and
chronic renal failure. (3) Capnometry may be used in place
of blood arterial gasometry for the management of intra-an-
esthesic capnia, with similar diagnostic accuracy to the men-
tioned patient population, but also the benefit of non-invasive-
ness and continuity in the display of values.
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Cuvinte cheie: echilibrul acido-bazic, colecistectomie lapa-
roscopicd, hipercapnie permisiva, hipercapnia indusa intra-
anestezic.

Introducere

Ventilarea pulmonara artificiald a pacientului, pe durata an-
esteziei, securizeaza cdile aeriene, asigura schimbul de gaze
(oxigenarea hemoglobinei si evacuarea de bioxid de carbon),
mentine echilibrul dintre ventilarea si perfuzia pulmonara si,
de asemenea, serveste drept vector pentru agentii anestezici
inhalatori. Hiperventilarea permite evacuarea mai rapida a
anestezicelor inhalatorii, durata de trezire a pacientului de-
venind, astfel, mai scurtd [1]. Totodatd, hiperventilarea di-
minueaza perfuzia cerebrala si cea a plagii operatorii - efect
care Intarzie trezirea [2] si creste riscul de infectie de plaga
[3]. Pentru a permite hiperventilarea pacientului, dar fara a-i
scade presiunea partiald de CO, din singe, unele spitale dotau,
in trecut, masinile de anestezie cu butelii cu CO,, care era ad-
ministrat in fluxul de gaz proaspat [4].

A fost demonstrat ca mentinerea intraanestezica a unei hi-
percapnii moderate este asociata cu reducerea riscului infecti-
ei de plaga [3], cu accelerarea trezirii din anestezie, indiferent
daca ea este asigurata cu propofol [5] sau cu anestezice inhala-
torii [6]; de asemenea, hipercapnia produce bronhodilatare [7].
Pe de alta parte, hipercapnia poate induce acidoza respiratorie,
vasoconstrictie pulmonara hipoxica sau creste presiunea intra-
craniana la pacientii cu leziune cerebrala traumatica [7].

Practic, nu au fost gasite referinte despre impactul hiper-
capniei induse in timpul anesteziei asupra severitatii acido-
zei. In aceast3 ordine de idei, scopul studiului a fost evaluarea
comparativa a lotului de cercetare normocapnic vs. hipercap-
nic (au fost comparati parametrii echilibrului acido-bazic la
pacientii ventilati artificial intraoperator, pe modelul colecis-
tectomiei laparoscopice programate).

Material si metode

Design-ul si parametrii studiului

Studiul este de tip prospectiv, comparativ. Pacientii au fost
repartizati, aleatoriu, fie in lotul de ventilare pulmonara artifi-
ciald intraanestezic in normocapnie (ETCO,=35-40 mmHg), fie
in hipercapnie moderata (ETCO,=45-60 mmHg).

Durata de colectare a datelor: aprilie 2015 - decembrie 2016
in Sectia de anestezie si terapie intensiva a Spitalului Clinic Mu-
nicipal ,Sfanta Treime”. Anestezia si ingrijirea perioperatorie,
precum si interventia chirurgicala, a fost asigurata de aceeasi
echipa de specialisti. Protocolul de cercetare a fost aprobat de
catre Comitetul de Etica a Cercetarii a USMF , Nicolae Testemi-
tanu” (proces-verbal nr. 21 din 24.02.2015, presedinte al CEC -
prof. Mihail Gavriliuc, dr. hab. st. med., prof. univ.). Toti pacientii
inrolati au semnat un acord informat in scris.

Participantii

Eligibili pentru a fi inclusi in studiu au fost 34 de patienti.
Seturi de date complete, analizate - 34 (lotul ,normocapnie” -
19 pacienti, lotul ,hipercapnie” - 15 pacienti).

Criteriile de includere In studiu au fost:

= pacient adult (=18 ani), beneficiar de colecistectomie lapa-
roscopica programata;

Key words: acid-base balance, laparoscopic cholecystec-
tomy, permissive hypercapnia, induced intra-anesthetic hy-
percapnia.

Introduction

Mechanical ventilation of a patient under anesthesia secu-
res airway, ensures gas exchange (hemoglobin oxygenation
and evacuation of carbon dioxide), and maintains equilibrium
between ventilation and pulmonary perfusion, also serving as
a vector for inhalational anesthetic. Hyperventilation provi-
des faster evacuation of inhalational anesthetics, thus shorte-
ning the duration of awakening of the patient [1]. There with,
hyperventilation diminishes cerebral and surgical wound
perfusion and that of wound surgery - an effect that retards
awakening [2] and raises the risk of wound infection [3]. In
order to permit hyperventilation of the patient, but without
diminishing blood PaCO,, some hospitals provide anesthesia
machines with CO, cylinders, which is administered into the
fresh gas flow [4]. It has been demonstrated that moderate
hypercapnia during anesthesia is associated with a reduced
risk of wound infection [3], with faster awakening from an-
esthesia, regardless of what anesthetic is being used, propofol
[5] or inhalational agent [6], also hypercapnia causes bron-
chodilation [7]. On the other side, hypercapnia can induce
respiratory acidosis, hypoxic pulmonary vasoconstriction or
rise intracranial pressure in patients with traumatic brain in-
jury [7].

Practically, no references have been found that would relate
about the impact of induced hypercapnia during anesthesia
upon the severity of acidosis. This being said, the aim of the stu-
dy was to comparatively evaluate normocapnic vs. hypercapnic
group (were compared acido-base balance parameters at pati-
ents artificially ventilated, intraoperative, on the scheduled la-
paroscopic cholecystectomy model).

Material and methods

Design and parameters of the study

The study is a prospective, comparative type. Patients were
randomly assigned, either to the intra-anesthetic artificial
ventilation group in normocapnia (ETC0,=35-40 mmHg) or to
moderate hypercapnia (ETCO,=45-60 mmHg).

Time frame data was collected: April 2015 - December
2016 in the Department of Anesthesia and Intensive Care of the
Municipal Clinical Hospital "Sfanta Treime". Anesthesia and pe-
rioperative care, as well as surgery, was provided by the same
team of specialists. The research protocol was approved by the
Ethic Committee of the Nicolae Testemitanu State University of
Medicine and Pharmacy (minutes no.21 from 21.02.2015, CEC
president - Prof. Mihail Gavriliuc, PhD, university professor).
All enrolled patients signed an informed agreement.

Participants

Eligible to be included in the study were 34 patients. Ana-
lyzed complete data sets - 34 (“normocapnia” group - 19 pati-
ents; “hypercapnia” group - 15 patients).

The study inclusion criteria were:

= adult patient (218 y. 0.) that underwent elective laparo-
scopic cholecystectomy;
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= semnarea acordului scris de inrolare in studiu;
= pacient fard afectiuni neurologice, respiratorii sau cardiace,
care ar afecta statutul gazometriei sanguine;

Criteriile de excludere din studiu au fost:

= dorinta exprimatd de pacient de a iesi din studiu;

= fisa standardizata de achizitie de date incompleta;

= conversia colecistectomiei laparoscopice la tehnica deschisa.

Asistenta anestezicd

Pacientii suferinzi de colecistita calculoasa cronica au be-
neficiat de colecistectomie laparoscopica in mod programat.
Tehnica anestezica utilizata a fost cea generala intravenoasa,
pe pivot inhalator.

Hidratarea perioperatorie a fost efectuata cu solutie Ringer
lactat. Profilaxia antiemetica si antihiperalgezica a fost efectu-
ata sistematic cu dexametazond, 8 mg bolus, pana la inductie.

Analgezia postoperatorie a fost asiguratda cu ketoprofen,
100 mg de 2 ori pe zi i. v;; 1a necesitate (intensitatea durerii
240 mm pe scorul vizual analogic) - tramadol 100 mg i. m.

Ventilarea pulmonard artificiald si inducerea hipercapniei

Ventilarea pulmonara artificiala a fost asigurata de masina
de anestezie Draeger Fabius Plus (Draeger Inc., Houston, TX,
SUA) cu urmadtorii parametri: regim volum-control (VCV),
frecventd respiratorie - 12-14 rpm, volum inspirator - 7-8
ml/kg. Frecventa si volumul respiratorii erau ajustate pentru
mentinerea unui Sp0, 295% si unui ETCO, de 35-40 mmHg.

Hipercapnia controlata, pentru lotul respectiv, a fost indu-
sa prin cresterea spatiului mort (conectarea unui tub gofrat,
de lungime variabilg, intre sonda orotraheala si piesa Y). Ajus-
tarea capniei se efectua prin alungirea sau scurtarea tubului
gofrat, respectiv - prin cresterea sau reducerea spatiului mort
si al volumului de gaz alveolar reinhalat. Parametrii vitali, in-
clusiv - SpO, si concentratia end-expiratorie a bioxidului de
carbon (ETCO,), au fost monitorizati conform standardului
ASA, cu monitorul multifunctional Nihon Kohden BSM-6301A
(Nihon Kohden Corporation, Tokyo, Japonia).

Echilibrul acido-bazic

Pentru efectuarea echilibrului acido-bazic au fost colectate
probe de singe din artera radiala in seringi heparinizate. San-
gele a fost colectat in momentul cand ETCO, atingea cel mai
inalt nivel.

Au fost inregistrati urmatorii parametri: pH, CO,, PaO,,
HCO, (actual), HCO, (standard), BE (actual), BE (standard).

Analiza statistica

Valorile numerice ale parametrilor au fost numerizate in
tabel Excel, dupa care - importate in softul de analiza statisti-
ca GraphPad Prism, versiunea 6 (Graph Pad Software Inc, CA,
SUA). Datele sunt prezentate sub forma de valori absolute si
relative, sau medie si interal de incredere de 95% a mediei.
Teste statistice aplicate: t-Student pereche, bicaudal (pentru
datele de tip continuu, cu distributie normala), testul exact
Fisher, pentru datele de tip categorie. Un p<0,05 a fost consi-
derat statistic semnificativ.
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= signed informed consent regarding enrollment into the
study;

= no previous neurocognitive dysfunctions, respiratory or
cardiac, that would affect gasometry status.

Exclusion criteria were:

= expressed desire of the patient to leave the study;

= incomplete standardized data chart;

= conversion of laparoscopic cholecystectomy to open technique.

Anesthetic assistance

Patients that suffered of chronic calculous cholecystitis,
underwent elective laparoscopic cholecystectomy, in a sche-
duled manner. The used anesthetic technique was the general
intravenous, supplemented by inhalatory anesthesia.

Perioperative hydration was performed with lactated
Ringer's solution. Anti-emetic and antihyperalgesic prophy-
laxis was performed systematically with dexamethasone, 8
mg bolus, before the induction. Postoperative analgesia was
provided with ketoprofen, 100 mg twice daily, intravenous; to
the necessity (pain intensity 240 mm on analog visual score) -
tramadol 100 mg intramuscular.

Artificial pulmonary ventilation and hypercapnia induction

Artificial pulmonary ventilation was performed with Drae-
ger Fabius Plus anesthesia machine (Draeger Inc., Houston, TX,
SUA) with the following parameters: volume control ventilati-
on (VCV), respiratory frequency - 12-14 respirations per mi-
nute, inspiratory volume - 7-8 ml/kg. Frequency and respira-
tory volume were adjusted to maintain SpO, 295% and ETCO,
of 35-40 mmHg.

Controlled hypercapnia, for the respective group, was indu-
ced by araise in dead space (connection of a corrugated tube of
variable length, between the endo-tracheal tube and Y piece).
Adjustment of capnia was made through shortening or elonga-
tion of the corrugated tube, respectively through reducing or
elevating of dead space and of the volume of re-inhaled alveo-
lar gas. Vital parameters, including - Sp0O, and end-expiratory
concentration of carbon dioxide (ETCO,), were monitored ac-
cording to ASA standards, with the multifunctional Nihon Ko-
hden BSM-6301A (Nihon Kohden Corporation, Tokyo, Japan)

Acid-base balance

To perform the acid-base balance, radial artery samples
were collected in heparinized syringes. Blood was collected
when ETCO, reached the highest level. The following parame-
ters were recorded: pH, Co,, Pa0,, HCO, (actual), HCO, (stan-
dard), BE (actual), BE (standard).

Statistical analysis

The numerical values of the parameters were numbered
in the Excel table, then imported into the GraphPad Prism sta-
tistical analysis software, version 6 (Graph Pad Software Inc,
CA, USA). Data are presented as absolute and relative values,
or average and 95% confidence interval of the mean. Applied
statistical tests: paired, two tailed t-Student test (for continu-
ous type data with normal distribution), Fisher's exact test,
for category-type data. A p<0.05 was considered statistically
significant.
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Rezultate

Loturile de studiu au fost omogene din punctul de vedere
al repartizarii pe sexe, masei corporale, Inaltimii, varstei, du-
ratei anesteziei si celei de spitalizare. Rezultatele echilibrului
acido-bazic intraanestezic este prezentat in Tabelul 1.

Results

The study lots were homogeneous in terms of gender, body
weight, height, age, duration of anesthesia and hospitalizati-
on. The results of intra-anesthetic acid-base equilibrium are
shown in Table 1.

Tabelul 1. Valorile numerice ale echilibrului acido-bazic intraanestezic la pacientii beneficiari de colecistectomie laparoscopica (lotul nor-
mocapnie vs. hipercapnie indusa).
Table 1. Numerical values of intra-anesthetic acid-base balance in patients receiving laparoscopic cholecystectomy (group of normocapnia vs.

induced hypercapnia).

Lot normocapnie Lot hipercapnie indusa

Parametru . i

Parameters Normocapnia group Induced hypercapnia group t p
(PaC0,=35-45 mmHg), n=19 (PaC0,=46-50 mmHg), n=15

pH 7,381 (95%CI: 7,366 — 7,396) 7,306 (95%CI: 7,288 — 7,324) 6,84 <0,0001
[extreme: 7,330 — 7,430] [extreme: 7,220 — 7,350]

pO,, mmHg 192,8 (95%CI: 181,0 - 204,6) 213,0 (95%CI: 189,4 - 196,3) 0,49 0,6300
[extreme: 106,3 - 215,0] [extreme: 169-213,0]

HCO, (actual), mmol/1 22,51 (95%ClI: 22,28 - 22,73) 23,26 (95%CI: 23,06 - 23,46) 513 <0,0001
[extreme: 21,90 - 23,50] [extreme: 22,60 - 24,00]

HCO, (standard), mmol/I 22,33 (95%CI: 22,02 - 22,63) 23,01 (95%CI: 22,79 - 23,24) 3,63 0,0010
[extreme: 21,00 - 23,30] [extreme: 22,30 - 23,80]

BE (actual), mmol/I -2,032 (95%ClI: -2,713 - -1,351) -2,913 (95%ClI: -3,772 - -2,054) 1,73 0,0932
[extreme: -5,600 - -1,000] [extreme: -7,600 - -1,000]

BE (standard), mmol/I -1,663 (95%CI: -2,345 - - 0,982) -2,273 (95%CI: -3,115 - -1,432) 1,21 0,2356

[extreme: -6,600 - -1,000]

[extreme: -7,400 - -0,500]

Nota: Test statistic: t-Student bicaudal nepereche. Distributia gaussiana a seriei de date verificata si confirmata prin testul d'Augustino-Pearson.
Note: Statistics: two-tailed unmatched t-Student test. Normal distribution of data series was verified and confirmed by d*Augustino-Pearson test.

Astfel, in lotul cu hipercapnie indus3, se constata o acidoza
semnificativ mai mare decat in lotul normocapnie, cu reduce-
rea semnificativa, In consecinta, a concentrasiei de bicarbonat.
Presiunea partiald a oxigenului in sangele arterial, precum si
deficitul de baze sunt comparabile, fara diferente semnificative.

Dispersia valorilor individuale ale pH-ului ambelor loturi de
studiu este reflectata in Figura 1. Valori de referinta (normale)
ale pH-ului au fost 7,35-7,45. Se observa tendinta spre acidoza
a tuturor pacientilor, ventilati In hipercapnie permisiva, indu-
sa intraanestezic. Nici pacientii din lotul ventilat In normocap-
nie nu au evitat acidoca, aceasta constatindu-se la fiecare al
cincilea pacient.

Thus, in the induced hypercapnia group, there is a signifi-
cantly higher acidosis than in the normocapnia group, with a
significant reduction in the concentration of bicarbonate. Par-
tial oxygen pressure in arterial blood as well as basal deficit
are comparable without significant differences.

The dispersion of the individual pH values of both study
lots is reflected in Figure 1. The (normal) reference values of
the pH were 7.35-7.45. Is observed the acidosis trend of all
patients, ventilated in permissive hypercapnia, induced intra-
anesthetically. Neither patients in the ventilated group in nor-
mocapnia did not avoid acidosis, this being the case in every
fifth patient.
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Fig. 1 pH-ul arterial intraanestezic al pacientilor studiati(lotul normocapnie vs. hipercapnie).
Nota: Test statistic: t-Student bicaudal nepereche. Distributia gaussiana a seriei de date verificata si confirmata prin testul d'Augustino-Pearson.

Fig. 1 Arterial pH during anesthesia in studied patients (normocapnia vs. hypercapnia groups).
Note: Statistics: two-tailed unmatched t-Student test. Normal distribution of data series was verified and confirmed by d*Augustino-Pearson test.



Moderate permissive hypercapnia, induced during general anesthesia and its effects on acid-base balance: prospective, comparative study

Dispersia valorilor individuale ale bicarbonatului actual al
ambelor loturi de studiu este reflectata in Figura 2. Din cele
constatate, nivelul de bicarbonat in lotul ,hipercapnie” se afla
in limitele valorilor normale (de referintd). Lotul pacientilor
ventilati In normocapnie are o tendintd de reducere a rezervei
alcaline, statistic semnificativa. Fiecare al saselea pacient, ven-
tilat in normocapnie, a avut o reducere a rezervei alcaline, la
limita inferioara a valorii de referinta.
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The dispersion of the individual values of the current bi-
carbonate of both groups is shown in Figure 2. Of those found,
the bicarbonate level in the hippocampus group is within the
limits of the normal (reference) values. The group of patients
ventilated in normocapnia has a statistically significant reduc-
tion in alkaline reserve. Each sixth patient, ventilated in nor-
mocapnia, had a reduction in the alkaline reserve at the lower
limit of the baseline.

274
264
254
244

Py I

HCO7; actual, mmol/l

o
234 (T ]

t=5.13
p<0.0001

21 T

normocapnia

hypercapnia

Fig. 2 Valoarea HCO, actual intraanestezic (lotul normocapnie vs. hipercapnie).

Nota: Test statistic: t-Student bicaudal nepereche. Distributia gaussiana a seriei de date verificatd si confirmata prin testul d"Augustino-Pearson. Valori de

referinta pentru HCO,: 22-28 mmol/1.

Fig. 2 Actual HCO, level during anesthesia (normocapnia vs. hypercapnia group).
Note: Statistics: two-tailed unmatched t-Student test. Normal distribution of data series was verified and confirmed by d"Augustino-Pearson test. Reference

range for HCO,: 22-28 mmol/l.

Deficitul de baze a fost usor mai accentuat in lotul ventilat
in hipercapnie, farg, ins3, a atinge semnificatia statistica. Dis-
persia valorilor a fost mare in lotul ventilat in normocapnie.
Un deficit de baze mai mare de 2 mmol/l s-a constatat la 5
(20%) pacienti din 19 - in lotul normocapnie vs. 9 (60%) din
15 pacienti - in lotul ventilat cu hipercapnie permisiva indusa.

Baseline deficiency was slightly more pronounced in the
ventilated group in hypercapnia without, however, achieving
statistical significance. The dispersion of values was high in
the ventilated group in normocapnia. A baseline deficiency
greater than 2 mmol/l was found in 5 (20%) patients in 19 - in
the normocapnie vs. 9 (60%) of 15 patients - in the ventilated
group with induced permissive hypercapnia.
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Fig. 3 Excesul de baze intraanestezic (lotul normocapnie vs. hipercapnie).

Nota: Test statistic: t-Student bicaudal nepereche. Distributia gaussiana a seriei de date verificatd prin testul d’Augustino-Pearson. Valori de referintd pentru

BE: +2,0 mmol/l.

Fig. 3 Actual basis excess during anesthesia (normocapnia vs. hypercapnia group).

Note: Statistics: two-tailed unmatched t-Student test. Normal distribution of data series was verified and confirmed by d"Augustino-Pearson test. Reference range for

BE: +2.0 mmol/1.

Aprecierea echilibrului acido-bazic s-a efectuat in baza
probei de sange, colectata din artera radiala a pacientului. Cu
toate ca a fost utilizat In conditii experimentale, acest test nu
este aplicabil, insd, de ruting, la pacientii programati, benefi-
ciari de colecistectomie laparoscopica, deoarece este excesiv

The assessment of the acid-base balance was performed on
the basis of the blood sample collected from the radial artery
of the patient. Although it has been used under experimental
conditions, this test is not routinely applicable to laparoscopic
cholecystectomy in scheduled patients because it is excessi-



de invaziv pentru pacientii ASA I-II. Unul dintre parametrii
echivalenti ar fi ETCO,, dacd se dovedeste ca la aceasta cate-
gorie de pacienti diferentele de acuratete diagnostica fata de
PaCO, nu sunt semnificative. Figura 4 prezinta interrelatia in-
dividuala a valorilor PaCO, si a ETCO,. Rezultatele au fost si-
milare din punct de vedere statistic, prezentdnd un grad de
corelare extrem de strans (r=0,967).
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vely invasive for ASA I-1I patients. One of the equivalent para-
meters would be ETCO, if it is shown that in this category of
patients the differences in diagnostic accuracy from PaCO2 are
not significant. Figure 4 shows the individual relationship of
PaCo, and ETCO, values. The results were statistically similar,
exhibiting an extremely tight correlation (r=0.967).

g% t=0.616

p=0.542

p<0.0001

30 T
PaCO2

ETCO2

Fig. 4 Relatia dintre valorile PaCO, individuale cu cele pereche ale ETCO,

Nota: Test statistic: t-Student bicaudal pereche. Distributia gaussiand a seriei de date verificata si confirmata prin testul d’Augustino-Pearson.
Fig. 4 Relationships between individual PaCO2 and ETCOZ paired values.

Note: Statistics: two-tailed matched t-Student test. Normal distribution of data series was verified and confirmed by d*Augustino-Pearson test.

Pentru a confirma posibilitatea de a utiliza ETCO, in locul
PaCO, pentru ghidarea capniei si, indirect, a efectelor ei bio-
logice, a fost efectuata analiza Bland-Altman a seriilor de date
pereche. Astfel, in limitele de valori ale capniei arteriale de
35-55 mmHg, diferentele de acuratete diagnosticd ale ETCO,
au fost identice si cuprinse in limitele de -3,16 si 2,84 mmHg,
ceea ce este cu mult inferior de limita de admisibilitate de +5
mmHg (Figura 5).

To confirm the possibility of using ETCO, instead of PaCO,
for guiding the capnia and indirectly for its biological effects,
was performed the Bland-Altman analysis of the pair data se-
ries. Thus, within the 35-55 mmHg blood pressure limits, the
diagnostic accuracy differences of ETCO, were identical and
within the range of -3.16 and 2.84 mmHg, which is well below
the admittance limit of £5 mmHg (Figure 5).

4-
B ) i ) [

[=2]
£ EEEER ®m nm
g 0 T T ! o I
§ 35---40 43 . ;0. %5
5 . ) } .
E _2_ n n
(=] ]

-4 Average (mmHg)

Fig. 5 Analiza Bland-Altman a exactitatii aprecierii valorii capniei arteriale prin ETCO, (referinta - gazometria sanguina arteriala, PaCO,).
Notd: biasul = -0,1618; DS al biasului = 1,532; Limitele de acord de 95% = -3,164 - 2,841.
Fig. 5 Bland-Altman analysis of agreement between arterial capnia and ETCO, (reference - arterial blood gases, PaC0,).

Note: bias =-0.1618; SD of bias = 1.532; 95% Limits of Agreement = -3.164 to 2.841.

in cele din urms3, 14/19 pacienti (73,7%) din lotul ,nor-
mocapnie” nu au prezentat nicio tulburare acido-bazica, com-
parativ cu 2/15 (13,3%) - in lotul , hipercapnie” (p=0,0006).
Nciun pacient dintre cei studiati nu a prezentat acidoza respi-
ratorie izolati. In lotul ,hipercapnie” a predominat semnifica-
tiv acidoza metabolica mixta, respiratorie si metabolica (Tabe-
lul 2). Fiecare al cincilea pacient din ambele loturi a prezentat
o0 acidoza respiratorie partial compensata.

Finally, 14/19 patients (73.7%) of the "normocapnia” gro-
up showed no acido-base disorder compared to 2/15 (13.3%)
- in the "hipercapnia” group (p=0.0006).

None of the patients in the study did not experience iso-
lated respiratory acidosis. The "hipercapnia” group, signifi-
cantly predominated mixed metabolic acid, respiratory and
metabolic acidosis (Table 2). Each fifth patient in both groups
showed partial compensated respiratory acidosis.
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Tabelul 2. Tulburarile echilibrului acido-bazic intraanestezic, lotul normocapnie vs. hipercapnie.

Table 2. Intraanesthetic acid-basic disturbances in normocapnia vs. hypercapnia study groups.

Tipul de tulburare
Type of disturbance

Lot normocapnie
Normocapnia group
(PaC0,=35-45 mmHg), n=19

Lot hipercapnie indusa p
Induced hypercapnia group
(PaC0,=46-50 mmHg), n=15

Fara tulburari acido-bazice
Without acid-basic disturbances

Acidoza respiratorie izolata
Isolated respiratory acidosis

Acidoza respiratorie partial compensata
Partially compensated respiratory acidosis

Acidoza respiratorie cu acidoza metabolica concomitenta
Concomitant respiratory and metabolic acidosis

Acidoza respiratorie, asociata cu alcaloza metabolica

1/19 (5,39
Respiratory acidosis in association with metabolic alcalosis /19 (5:3%)

14/19 (73,7%)

4/19 (21,0%)

0,0006
2/15 (13,3%)

NA
0

1,000
3/15 (20,0%)

<0,0001
10/15 (66,7%)

NA

Notd: test statistic aplicat - Fisher exact. NA - neaplicabil.
Note: applied statistics - Fisher's exact test. NA - nonapplicable.

Discutii

Studiul dat a avut drept scop sa evalueze modificarile
parametrilor echilibrului acido-bazic din sangele arterial la
pacientii beneficiari de colecistectomie laparoscopica pro-
gramata, care au fost ventilati intraanestezic in hipercapnie
permisiva indusa, comparativ cu cele, inregistrate la pacientii
similari, dar ventilati Intraanestezic in regim de normocapnie.

Totodata, s-a evaluat posibilitatea de a utiliza ETCO, in lo-
cul PaCO, in ghidarea nivelului de hipercapnie si ale efectelor
ei biologice, deoarece primul parametru este noninvaziv, se
poate estima continuu si nu prezinta diferente semnificative
fata de valorile PaCO, la pacientii fara BPOC, vicii cardiace sau
insuficienta cardiaca congestiva severa.

Devierile in valorile parametrilor acidobazici in directia
acidozei la pacientii ventilati pulmonar artificial intraaneste-
zic In hipercapnie dirijata au fost conform asteptarilor. Ceea
ce s-a constatat, a fost devierea lor nesemnificativa din punct
de vedere clinic (adic3d, acestea nu necesita masuri de corectie
prin interventie medicala si sunt rapid reversibile catre valori-
le initiale, odata ce ventilarea in hipercapnie a fost intreruta).
In schimb - se induc efectele biologice pozitive, semnificati-
ve ca si impact clinic - cresterea perfuziei cerebrale si a plagii
operatorii, usurarea cedarii oxigenului de pe hemoglobina ca-
tre tesuturi, reducerea frecventei gretei si vomei postoperato-
rii, accelerarea trezirii din anestezie si a tranzitului intestinal.

Din perspectiva echilibrului acido-bazic, aplicarea metodei
de ventilare pulmonara artificiala cu hipercapnie permisiva
indusa intraanestezic este sigura si nu afecteaza siguranta pa-
cientului.

Ceea ce s-a constatat, ins3, a fost si faptul ca fiecare al pa-
trulea pacient, ventilat in normocapnie, a prezentat tulburari
ale echilibrului acido-bazic (acidoza respiratorie partial com-
pensatd, acidoza respiratorie 1n asociere cu alcaloza metaboli-
cd). Acest fapt poate fi explicat ca la pacientii din ambele loturi,
exista si alti factori, care se implicd in generarea tulburarilor
acido-bazice. Aici ar putea fi incriminate, in special: postul
alimentar prelungit preoperator, aportul insuficient de apa
(atat peroral cat si in perfuzie intravenoasa); diabetul zaha-

Discussion

The purpose of this study was to evaluate the changes in
the parameters of the acid-base balance in arterial blood in pa-
tients scheduled for laparoscopic cholecystectomy who were
ventilated intra-anaesthetic in permissive induced hypercap-
nia, compared to those seen in similar patients, but ventilated
intra-anesthetic in the normocapnia

At the same time, the possibility of using ETCO2 instead
of PaCO2 in guiding the level of hypercapnia and its biological
effects was assessed as the first parameter is non-invasive, it
can be continuously assessed and does not show significant
differences compared to PaCO2 values in patients without
COPD, severe congestive heart failure.

Deviations in acid-base parameters in the direction of aci-
dosis in ventilated artificial intra-anesthetic patients, in gui-
ded hypercapnia were as expected. As it was found, was their
clinically insignificant deviation (ie, they do not require cor-
rective action by medical intervention and are quickly rever-
sible to the initial values once ventilation in the hypercapnia
has been interrupted). Instead, positive biological effects are
induced, significant as a clinical impact - increased cerebral
perfusion and surgical wound, relief of oxygen release from
hemoglobin to tissues, reduced frequency of postoperative
nausea and vomiting, accelerating anesthesia awakening and
intestinal transit.

From the perspective of the acid-base balance, the applica-
tion of the artificial pulmonary ventilation method with intra-
anesthetic induced percutaneous hypercapnia is safe and does
not affect the safety of the patient.

What was found, however, was the fact that every fourth
patient, ventilated in normocapnia, presented disorders of
acid-base balance (partially compensated respiratory acido-
sis, respiratory acidosis in combination with metabolic alcalo-
sis). This can be explained by the fact that in patients in both
groups there are other factors that are involved in the genera-
tion of acid-base disorders. Here, it could be incriminated, in
particular: prolonged food starvation insufficient water intake
(both peroral and intravenous infusion); diabetes, congestive
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rat, insuficienta cardiaca congestiva, hipertensiunea arteriala,
insuficienta renala cronica interfereaza semnificativ capacita-
tea de compensare a organismului.

Concluzii

1) Cu toate ca pacientii ASA 1-2, beneficiari de colecistec-
tomie laparoscopica programatd, ventilati pulmonar artificial
intraanestezic in hipercapnie permisiva indusa, prezinta valori
ale parametrilor echilibrului acido-bazic orientate spre acido-
za semnificativ mai frecvent si mai accentuate decat pacientii
ventilati In normocapnie, acestea nu ating o semnificatie cli-
nica, care sa necesite vreo interventie corectiva si sunt rapid
reversibile dupa revenirea la normocapnie.

2) Tulburarile acido-bazice intraoperatorii, indiferent de
modul de ventilare pulmonara artificiala, aplicata in studiu,
sunt favorizate de postul preoperator prelungit, deshidratarea
preoperatorie a pacientilor, BPOC, insuficienta cardiaca con-
gestiva, hipertensiunea arteriala si insuficienta renala cronica.

3) Capnometria poate fi utilizata in locul gazometriei san-
guine arteriale pentru dirijarea capniei intraanestezice, avand
acuratete diagnosticd similard la contingentul mentionat
de pacienti, dar si avantajul noninvazivitatii si continuitatii
afisarii valorilor.
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