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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 ventildrii cu hipercapnie
permisiva (ETCO, 245 mmHg) intraanestezic asupra statu-
tului neurocognitiv postoperatoriu al pacientului nu a fost,
deocamdata, studiat.

Ipoteza de cercetare

Ventilarea pulmonara artificiala cu hipercapnie permisiva
(ETCO,=45-55 mmHg) intraanestezic in colecistectomia la-
paroscopicd nu afecteaza statutul neurocognitiv postopera-
toriu al pacientului.

Noutatea adusa literaturii stiintifice din domeniu

S-a constatat ca VPA cu hipercapnie permisiva (ETCO,=45-
55 mmHg) intraanestezic in colecistectomia laparoscopica
nu afecteaza statutul neurocognitiv postoperatoriu al paci-
entului; mai mult decat atat, performantele neurocognitive
par a fi ameliorate.
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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 hyperventilati-
on regimen (ETCO,=33-35 mmHg) or normal ventilation
(ETCO,=35-45 mmHg). The effect of permissive hypercapnia
(ETCO, 245 mmHg) during anesthesia on the postoperative
neurocognitive status of the patient has not been studied yet.

Research hypothesis

Mechanical ventilation with permissive hypercapnia
(ETCO,=45-55 mmHg) during surgery in laparoscopic cho-
lecystectomy does not affect the postoperative neurocogni-
tive status.

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 the postoperative
neurocognitive status; more than that, neurocognitive per-
formances seem to improve.



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 rapidd, 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 functiei neurocognitive
postoperatorii.

Materal si metode. Studiu prospectiv, randomizat
(esantionare simpl3, raport 1:2,5), experimental. Acordul Co-
mitetului de Etica a Cercetarii si al pacientului eligibil - obti-
nute. Inrolati pacientii beneficiari de colecistectomie laparo-
scopica electiva, fara comorbiditati severe. Seturi de date com-
plete, analizate - 177 (lotul ,normocapnie” - 49 de pacienti;
lotul ,hipercapnie” - 128 de pacienti). Hipercapnia asigurata
intraanestezic prin cresterea spatiului mort al circuitului res-
pirator. Au fost inregistrati parametrii antropometrici, durata
anesteziei, durata de spitalizare. Pentru evaluarea statutului
neurocogntiv, a fost utilizat testul de conectare a numerelor
(NCT). Teste statistice aplicate: t-Student pereche, bicaudal
(pentru datele de tip continuu, cu distributie normala), testul
exact Fisher, pentru datele de tip categorie. Soft statistic utili-
zat: GraphPad Prism, versiunea 6 (Graph Pad Software Inc, CA,
SUA).

Rezultate. Loturile de studiu - omogene din punctul de
vedere al repartizarii pe sexe, masei corporale, Tnaltimii, du-
ratei anesteziei si celei de spitalizare; eterogene dupa varsta.
Rezultatele testului NCT (in secunde), in functie de valoarea
intraanestezica a ETCOZ, respectiv, pentru starea de normo-
capnie (31,8 [28,8 - 34,8] vs. 33,0 [30,0 - 35,9], p=0,032),
hipercapnie usoara (30,6 [27,9 - 33,3] vs. 31,4 [28,8 - 34,0],
p=0,016) si hipercapnie moderata (27,7 [24,5 - 30,8] vs. 28,8
[25,7 - 32,0], p<0,0001). Pacientii cu un gradient ETCO,<15
mmHg au prezentat valori ale NCT, postoperator vs. preope-
rator cu diferente statistic semnificative (31,9 [29,6 - 34,1] vs.
32,7 [30,5 - 35,0], p=0,01); in mod analogic - pacientii care
au avut un gradient al ETCO,>15 mmHg (27,0 [23,9 - 30,3] vs.
28,5[25,1 -31,8], p=0,0007).

Concluzii. Ventilarea pulmonara artificiala cu hipercapnie
moderatd (ETCO,=45-55 mmHg), indusa si mentinuta intra-
anestezic, nu afecteaza functia neurocognitiva a pacientului
postoperatoriu, dupa colecistectomia laparoscopica. Mai mult
decat atat, functia neurocognitiva postoperatorie, pe fundal de
hipercapnie moderatd, indusa intraanestezic, pare sa fie ame-
liorata, probabil din cauza mentinerii unei perfuzii cerebrale
sporite.

Cuvinte cheie: disfunctie neurocognitiva postoperatorie,
colecistectomie laparoscopica, hipercapnie permisiva, hiper-
capnie indusg, intraanestezic.
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Abstract

Introduction. Level of CO, (capnia) is responsible for sev-
eral physiological effects, with important clinical impact. Me-
chanical ventilation during general anesthesia can separately
assure both oxygenation and blood levels of CO,. Moderate
hypercapnia was associated with a faster wake up, bronchodi-
lation, reduced risk of wound infection; at the same time, hy-
percapnia was associated with respiratory acidosis, hypoxic
pulmonary vasoconstriction and a rise in intracranial pres-
sure. The impact of moderate hypercapnia, induced during
anesthesia, on postoperative neurocognitive function has not
been studied yet.

Material and methods. Prospective, randomized (simple
sampling, 1:2.5 ratio), experimental study. Ethics Research
Committee’s and patient’s consent have been received. The
study enrolled patients scheduled for elective laparoscopic
cholecystectomy, without severe comorbidities. Data sets were
complete and analyzed - 177 patients, out of which - 49 pa-
tients in the “normocapnia” group, and 128 - in the “hypercap-
nia” group. Hypercapnia was provided during surgery by a rise
in dead space. Anthropometric parameters, anesthesia length,
length of hospital stay were registered. In order to evaluate the
neurocognitive status, the number connection test (NCT) was
used. The following statistical tests were applied: two-tailed t-
Student paired test (for continuous type data, with normal dis-
tribution), Fisher’s exact test, for category type data. The soft
used: 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, anesthe-
sia length and hospital stay length; heterogeneous regarding
age. The results of the NCT (in seconds), depending on ETCO,
values during anesthesia, were distributed for normocapnia
(31.8 [28.8 - 34.8] vs. 33.0 [30.0 - 35.9], p=0,032), for mild
hypercapnia (30.6 [27.9 - 33.3] vs. 31.4 [28.8 - 34.0], p=0.016)
and moderate hypercapnia (27.7 [24.5 - 30.8] vs. 28.8 [25.7 -
32.0], p<0.0001. Patients with an ETCO, gradient <15 mmHg
presented postoperative vs. preoperative NCT values with sta-
tistical significance (31.9 [29.6 - 34.1] vs. 32.7 [30.5 - 35.0],
p=0.01); in the same way - patients that had an ETCO, gra-
dient 215 mmHg (27.0 [23.9 - 30.3] vs. 28.5 [25.1 - 31.8],
p=0.0007).

Conclusions. Mechanical ventilation with moderate hy-
percapnia (ETCO,=45-55 mmHg), induced and maintained
during anesthesia, does not affect the postoperative neuro-
cognitive function of the patient after laparoscopic cholecys-
tectomy. More than that, the postoperative neurocognitive
function, on a background of moderate hypercapnia induced
during anesthesia, seems to be improved, probably due to a
maintained increased cerebral flow.

Key words: postoperative neurocognitive dysfunction,
laparoscopic cholecystectomy, permissive hypercapnia, in-
duced hypercapnia, intra-anesthetic.



Postoperative neurocognitive status in relation with intra-anesthetic capnia

Introducere

Ventilarea pulmonara artificiala a pacientului, pe durata
anesteziei, securizeaza caile 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 deve-
nind, astfel, mai scurta [1]. Totodata, hiperventilarea diminu-
eaza perfuzia cerebrald 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 sca-
de presiunea partiald de CO, din sange, unele spitale doteaza
masinile de anestezie cu butelii cu CO,, care este administrat
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], produce bronhodilatare [7]. Pe de alta parte, hipercap-
nia poate induce acidoza respiratorie, provoca vasoconstrictie
pulmonara hipoxica sau creste presiunea intracraniana la paci-
entii cu leziune cerebrala traumatica [7].

Practic, nu au fost gasite referinte care sa comunice des-
pre impactul hipercapniei induse intraanestezic asupra func-
tiei neurocognitive postoperatorii. In aceasti ordine de idei,
scopul studiului a fost evaluarea comparativa, postoperatorie
versus preoperatorie, a functiei neurocognitive a pacientului,
care a fost ventilat pulmonar artificial intraanestezic cu hi-
percapnie indusa, pe modelul colecistectomiei laparoscopice
programate.

Material si metode

Design-ul si parametrii studiului

Studiul este de tip prospectiv, experimental, randomizat.
Esantionare aleatorie, simpla. Randomizarea a fost efectuata
prin metoda plicurilor de catre o persoana independentd, care
nu a participat la colectarea si analiza datelor sau la acordarea
asistentei medicale. Rata de alocare a fost de 1:2,5 si a con-
stat in orientarea pacientilor fie in lotul de ventilare pulmo-
nara artificiala intraanestezic in normocapnie (ETCO,=35-40
mmHg), fie in hipercapnie moderata (ETCO,=45-60 mmHg).
Rata de alocare a fost apropiata de raportul intervalelor va-
lorilor capniei (5 mmHg - in lotul ,normocapnie”, 15 mm Hg
- 1n lotul ,hipercapnie”). Durata de colectare a datelor: aprilie
2015 - decembrie 2016 in Sectia de anestezie si terapie inten-
siva a Spitalului Clinic Municipal ,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 Testemitanu” (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.
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Introduction

Mechanical ventilation of a patient under anesthesia se-
cures airway, ensures gas exchange (hemoglobin oxygenation
and evacuation of carbon dioxide), and maintains equilibrium
between ventilation and pulmonary perfusion, also serving as
avector for inhalational anesthetic. Hyperventilation provides
faster evacuation of inhalational anesthetics, thus shortening
the duration of awakening of the patient [1]. Therewith, hy-
perventilation diminishes cerebral and surgical wound perfu-
sion - effect that postpones awakening and raises the risk of
wound infection [3]. In order to permit hyperventilation of the
patient, but without diminishing PaCO,, some hospitals pro-
vide anesthesia machines with CO, cylinders, which is admin-
istered into the fresh gas flow [4].

It has been demonstrated that moderate hypercapnia dur-
ing anesthesia is associated with a reduced risk of wound in-
fection [3], with faster awakening from anesthesia, regardless
of what anesthetic is being used, propofol [5] or inhalational
agent [6], causes bronchodilation [7]. On the other side, hy-
percapnia can induce respiratory acidosis, cause hypoxic pul-
monary vasoconstriction or rise intracranial pressure in pa-
tients with traumatic brain injury [7].

Practically, no references have been found that would re-
late about the impact of induced hypercapnia during anesthe-
sia upon the postoperative neurocognitive function. This being
said, the aim of the study was to comparatively evaluate (pre-
operatively vs. postoperatively) the neurocognitive function of
the patient that has been artificially ventilated during surgery
with induces hypercapnia, on the elective laparoscopic chole-
cystectomy model.

Material and methods

Design and parameters of the study

The study is a prospective, experimental and randomized
one. Sampling was random, simple. Randomization was made
by means of envelopes, by an independent person that did not
take part in collecting and analyzing of data or providing med-
ical assistance. Allocation rate was 1:2.5 and consisted of ori-
entation of patients in either normocapnia group (ETCO,=30-
40 mmHg) or hypercapnia group (ETC0,=45-60 mmHg). Al-
location rate was close to the ratio of capnia values’ intervals
(5 mmHg - in the “normocapnia” group, and 15 mmHg - in
“hypercapnia” group. Time frame data was collected: April
2015 - December 2016 in Anesthesia and Intensive Care ward
of the “Sfanta Treime” Clinical Municipal Hospital. Anesthesia
and perioperative care, as well as the surgery itself was pro-
vided by the same team of specialists.

The research protocol was approved by the Ethics Research
Committee of Nicolae Testemitanu SUMPh (verbal process no.
21, from 24.02.2015, president of ERC - prof. Gavriliuc Mihail,
MD, PhD, univ. prof.). All participants signed the informed con-
sent.

Participants
Eligibility evaluation included 242 patients; out of them -
52 did not meet the inclusion criteria. A total number of 190



Participantii
Au fost evaluati pentru eligibilitate 242 de pacienti; 52
dintre ei nu au indeplinit criteriile de includere. Randomizati,
in total, 190 de pacienti. Seturi de date complete, analizate -
177 (lotul ,normocapnie” - 49 de pacienti; lotul ,hipercapnie”
- 128 de pacienti). Diagrama de flux CONSORT a pacientilor
inrolati este prezentata in Figura 1.
Criteriile de includere 1n studiu au fost:
= pacient adult (218 ani), beneficiar de colecistectomie la-
paroscopica programata;
= semnarea acordului scris de Inrolare in studiu;
= capabil sa citeasca si sd inteleaga instructiunile date pen-
tru trecerea testarii neurocognitive;

Statutul neurocognitiv postoperatoriu in functie de capnia intraanestezicd

patients were randomized. Complete sets of data of 177 pa-
tients were analyzed (“normocapnia” group - 49 patients; “hy-
percapnia” group - 128 patients). CONSORT flow diagram of
the enrolled patients is presented in Figure 1.
The study inclusion criteria were:
= adult patient (218 y.o.) that underwent elective laparo-
scopic cholecystectomy;
= signed informed consent regarding enrollment into the
study;
= able to read and understand given instructions for neu-
rocognitive testing;
= no previous neurocognitive dysfunction;

Evaluati pentru eligibilitate
(n=242)
o g Assessed for eligibility
§ £
g £ _
< Exclusi / excluded (n=52)
= nu au indeplinit criteriile de includere /
> not meeting inclusion criteria (n=48)
= au refuzat participarea /
declined to participate (n=4)
= alte motive / other reasons (n=0)
\ 4
Randomizati
Randomized
(n=190)

l

\4

Alocati in lotul normocapnie
Allocated to normocapnia group
(n=52)
= au primit interventia alocatéa /
received allocated intervention
(n=51)

= nu au primit interventia alocata /
did not receive allocated intervention
(n=1)

Alocare
Allocation

Alocati in lotul hipercapnie

Allocated to hypercapnia group
(n=138)
* au primit interventia alocata /
received allocated intervention (n=132)

* nu au primit interventia alocata /
did not receive allocated intervention
(n=6)

Pierduti din monitorizare (n=3)

Lost to follow-up (n=3)

Monitorizare
Follow-up

Interventia alocata intrerupta (n=0)

Pierduti din monitorizare (n=10)
Lost to follow-up (n=10)

Interventia alocata intrerupta (n=0)

v

v

Set de date analizate (n=49)

Analyzed data sets (n=49)

Analiza
Analysis

= seturi de date excluse din analiza
(n=0)

Set de date analizate (n=128)
Analyzed data sets (n=128)

= seturi de date excluse din analiza (n=0)
= data sets excluded from analvsis (n=0)

Fig. 1 Diagrama de flux CONSORT a pacientilor inrolati.
Fig. 1 CONSORT flow diagram of enrolled patients.
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= fard disfunctie neurocognitiva preexistenta;
= fara medicatie cronica, care ar afecta statutul neurocog-
nitiv (antidepresante, benzodiazepine, antihistaminice
etc.);
= fara comorbiditate neurologica, psihic3, cardiaca, respi-
ratorie, hepatica sau renald sever3, care sa afecteze ga-
zometria sanguind, mecanica respiratiei, statutul neuro-
cognitiv;
Criteriile de excludere din studiu au fost:
= dorinta exprimata de pacient de a iesi din studiu;
® fisd standardizata de achizitie de date incompleta;
= conversia colecistectomiei laparoscopice la tehnica des-
chisa.
Asistenta anestezicd
Pacientii, suferinzi de colecistita calculoasa cronica, au be-
neficiat de colecistectomie laparoscopica in mod programat.
Tehnica anestezica utilizata la pacientii studiati a fost cea ge-
nerald intravenoasa, pe pivot inhalator. Dozele medicamente-
lor, folosite pentru asigurarea anesteziei, sunt prezentate in
Tabelul 1. Hidratarea perioperatorie a fost efectuata cu solutie
Ringer lactat. Profilaxia antiemetica si antihiperalgezica a fost
efectuatd sistematic cu dexametazond, 8 mg bolus, pana la in-
ductie.
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= no chronic medication that would affect neurocognitive
status (antidepressants, benzodiazepines, antihistami-
nes etc.);

= no neurological, psychic, cardiac, respiratory, hepatic or
renal comorbidities that would affect blood gases, respi-
ratory mechanics or neurocognitive status.

Exclusion criteria were:

= expressed desire of the patient to leave the study;

= incomplete standardized data chart;

= conversion of laparoscopic cholecystectomy to open te-
chnique.

Anesthetic assistance

Patients that suffered of chronic calculous cholecystitis,
underwent elective laparoscopic cholecystectomy. Total intra-
venous anesthesia combined with inhalational general anes-
thesia was used in the enrolled patients. Medication’s doses
used for anesthesia maintenance are presented in Table 1.
Perioperative hydration was done with Ringer’s lactate solu-
tion. Antiemetic and antihyperalgesic prophylaxis was made
systematically with a bolus of 8 mg of dexamethasone, before
induction.

Perioperative analgesia was ensured with ketoprofen,

Tabelul 1. Dozele de hipnotice, analgezic opioid si miorelaxant, utilizate in cadrul asistentei anestezice.
Table 1. Doses of hypnotics, analgesics, opioids and muscle relaxant used during anesthesia assistance.

Medicamentul Premedicatie Inductie Bolus (perfuzie) de mentinere Comentarii
Drug Premedication Induction Maintenance bolus (perfusion) ~Comments
Diazepam 5mg 20 mg 10 mg bolus la 45-60 min, la necesitate.
Diazepam (0,08 mg/kg) (0,28 mg/kg) (0,15 mg/kg) bolus every 45-60 min, if needed.
Midazolam 1mg 5mg nu utilizat in co-inductie. in premedicatie - doar la pacientul anxios,
Midazolam (0,01 mg/kg) (0,07 mg/kg) no dupa diazepam.
used in co-induction. Premedication - only in anxious patients, after
diazepam.
Propofol nu 180 mg 30 mg (0,4 mg/kg), bolus la fiecare 5 min, fie perfuzare i.v. continua dupa bolusul de
Propofol no (2,4 mg/kg) sau 8-12 ml/ora inductie.
bolus every 5 min, or continuous infusion after the induction bolus.
Fentanil 0,1 mg 0,2 mg 0,1 mg bolus la 20 min.
Fentanyl (0,0015 mg/kg) (0,003 mg/kg) (0,0015 mg/kg) bolus every 20 min.
Sevofluran nu nu 0,5-1,3 MAC MAC ajustata in functie de presiunea arteriala si frecventa cardiaca
Sevoflurane no no (ambele +15% variatie fatd de valorile initiale).
MAC adjusted to BP and HR (#15% variation of both from initial
values).
Atracuriu nu 50 mg nu doar pentru realizarea intubarii orotrahele.
Atracurium no 0,6 mg/kg no only for performing oro-tracheal intubation.

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

Ventilarea pulmonard artificiald si inducerea hipercapniei
Ventilarea pulmonara artificialad a fost asigurata de masina
de anestezie Draeger Fabius Plus (Draeger Inc., Houston, TX,

100 mg twice a day, i.v;; if required (pain intensity 240 on VAS)
- tramadol 100 mg i.m.

Artificial pulmonary ventilation and hypercapnia induction
Artificial pulmonary ventilation was performed with Drae-
ger Fabius Plus anesthesia machine (Draeger Inc., Liibeck, Ger-
many) with the following parameters: volume control ventila-



Fig. 2 Inducerea hipercapniei controlate intraanestezic prin cresterea
spatiului mort cu ajutorul unui tub gofrat.
Fig. 2 Induction of controlled hypercapnia during anesthesia through dead

space raise witht the help of a corrugated tube.

SUA) cu urmatorii parametri: regim volum-control (VCV),
frecventd respiratorie - de 12-14 rpm, volum inspirator -
7-8 ml/kg. Frecventa si volumul respiratorii erau ajustate pen-
tru mentinerea Sp0,>95% si un ETCO, de 35-40 mmHg.
Hipercapnia controlatd, pentru lotul respectiv, a fost indu-
sa prin cresterea spatiului mort (conectarea unui tub gofrat
de lungime variabila intre sonda orotraheala si piesa Y) (Fi-
gura 2). Ajustarea capniei se efectua prin alungirea sau scur-
tarea tubului gofrat, respectiv - prin cresterea sau reducerea
spatiului mort si al volumului de gaz alveolar reinhalat. Para-
metrii vitali, inclusiv - 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).

Testarea neurocognitivd

Testarea neurocognitiva s-a efectuat prin aplicarea tes-
tului de conectare a numerelor (l. engl. number connection
test, NCT), dupa ce pacientului i-a fost explicata metodologia
respectivd. Esenta testdrii constd in unirea, cu pixul, contra
cronometru, a 25 de numere, in ordine crescdtoare (de la
1 la 25), care sunt aranjate aleatoriu pe foaia de hartie (Figu-
ra 3). A fost inregistrata media vitezei de conectare, exprimata
in secunde, a douad incercari. Testul a fost aplicat preoperato-
riu si 6 ore postoperatoriu. Testarea a fost considerata esuata,
daca pacientul nu reusea conectarea corectd a tuturor nume-
relor in 120 de secunde.

Parametrii inregistrati si analiza statistica

Au fost inregistrati urmatorii parametri: varsta, sexul, Inal-
timea, masa corporald, durata anesteziei, durata de spitalizare,
viteza de indeplinire a testului NCT, preoperatoriu si postope-
ratoriu, capnia la sfarsitul expirului. Valorile parametrilor au
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Fig. 3 Exemplu de foaie cu testul de conectare a
numerelor (NCT).
Fig. 3 Example of a number connection test sheet (NCT).

tion, respiratory rate - 12-14 rpm, tidal volume - 7-8 ml/kg.
Respiratory rate and tidal volume were adjusted in order to
maintain Sp0, 295% and ETCO, of 35-40 mmHg.

Controlled hypercapnia, for the respective group, was in-
duced by a raise in dead space (connection of a corrugated
tube of variable length, between the endo-tracheal tube and
Y piece) (Figure 2). Adjustment of capnia was made through
shortening or elongation of the corrugated tube, respectively
through reducing or elevating of dead space and of the volume
of re-inhaled alveolar gas. Vital parameters, including SpO,
and end-expiratory concentration of CO, (ETCO,), were moni-
tored according to ASA standards, with the multifunctional
Nihon Kohden BSM-6301A (Nihon Kohden Corporation, Tokyo,
Japan)

Neurocognitive testing

Neurocognitive testing was made with a number connec-
tion test (NCT), after explaining the procedure to the patient.
The test consists of connecting 25 numbers, against the clock,
in an ascending order, that are randomly arranged on the pa-
per (Figure 3). The mean speed value of connection, expressed
in seconds, of 2 attempts. The test was applied preoperatively
and 6h postoperatively. The test was considered failed if the
patient could not connect correctly all 25 numbers in 120 se-
conds.

Recorded parameters and statistical analysis

The following parameters were recorded: age, gender,
weight, length of anesthesia, length of hospital stay, speed of
NCT accomplishment (pre- and postoperatively), end-expira-
tory capnia. Parameters’ values were digitized in and Excel
table, with further import into the statistical analysis software
GraphPad Prism, version 6 (Graph Pad Software Inc., CA, USA).
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fost numerizate in tabel Excel, dupa care - importate in softul
de analiza statistica 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, bi-
caudal (pentru datele de tip continuu, cu distributie normala),
testul exact Fisher, pentru datele de tip categorie. Un p<0,05 a
fost considerat statistic semnificativ.

Rezultate

Caracterizarea generala a loturilor studiate este prezenta-
ta in Tabelul 2. Loturile de studiu au fost omogene dupa re-
partizarea pe sexe, masa corporald, inaltime, durata anesteziei
si durata de spitalizare. Pacientii lotului ,hipercapnie” au fost
mai tineri decat cei din lotul ,normocapnie” cu aproximativ
6,7 ani, In medie.

Tabelul 2. Caracterizarea generala a loturilor de studiu.

Lot normocapnie Lot hipercapnie

Parametru (n=49) (n=128) t p
(ETCO,=35- (ETCO,=45-
40 mmHg) 55 mmHg)
Varsta, ani 54,0 (50,0 - 58,1) 47,3 (44,9 - 49,7) 2,95 0,003
Repartizarea NA 1,00
pe sexe, b/f 8/41 (1:5,1) 21/107 (1:5,1)
Masa 1,39 0,166

79,3 (74,3 - 84,2
corporald, kg ( )

fndltimea, cm 167,0 (165,2 - 168,8) 168,1 (166,7 -169,5) 0,88 0,378

Durata anes- 024 0,809
Ut AnesT  g) 8(74,6-91,0) 81,6 (76,4 -86,8)

82,8 (80,3 - 85,2)

teziei, min
Durata de
48 (43-54)

spitalizare, 53(4,9-59) 1,28 0,200

zile

Notd: teste statistice aplicate - t-Student si Fisher exact. NA - neaplicabil.

Parametrul principal de rezultat al studiului a fost durata
de executare a testului NCT (secunde), pe loturi, comparativ
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Data are presented in absolute and relative values, or in mean
values and 95% confidence interval of the mean. The follow-
ing statistical tests were applied: two-tailed t-Student paired
test (for continuous type data, with normal distribution),
Fisher’s exact test, for category type data. A p<0.05 value was
considered statistically significant.

Results

General characteristics of the study groups is presented
in Table 2. The study groups were homogenous regarding
gender, weight, height, anesthesia length and length of hos-
pital stay. Patients from the “hypercapnia” group were, on av-
erage, 6.7 years younger than those from the “normocapnia”

group.

Table 2. General characteristics of study groups.

Normocapnia group  Hypercapnia group

Parameter (n=49) (n=128) t p
(ETCO,=35- (ETCO,=45-
40 mmHg) 55 mmHg)
Age, years 54.0 (50.0 - 58.1) 47.3 (44.9 - 49.7) 295 0.003
Gender distri- NA  1.00
bution, m/f 8/41 (1:5.1) 21/107 (1:5.1)
Weight, kg 79.3 (74.3 - 84.2) 82.8 (80.3 - 85.2) 1.39 0.166
Height, cm 167.0 (165.2 - 168.8) 168.1 (166.7 - 169.5) 0.88 0.378

Anesthesi 24 0.
nesthesia o) 8 (74.6 - 91.0) 816 (764-868) 2t 0809
length, min

Hospital stay

length, days 48 (4.3 - 5.4) 5.3 (4.9 -5.9) 128 0.200

Note: applied statistical tests - t-Student and Fisher’s exact test. NA - not
applicable.

The main parameter of the study’s results was the duration
the NCT was performed (seconds), preoperatively vs. postop-
eratively, in both groups. Figure 4 represents, in a comparative
way, pre- vs. postoperative results of the NCT (in seconds) de-
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Fig. 4 Rezultatele NCT (postoperatoriu vs. preoperatoriu), In functie de valoarea intraanestezica a ETCO,,.
Fig. 4 NCT results (postoperatoively vs. preoperatively), depending on ETCO, value during anesthesia.
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Fig. 5 Rezultatele NCT (postoperatoriu vs. preoperatoriu), in functie de cresterea intraanestezicd a ETCO.,,
Fig. 5 NCT results (postoperative vs. preoperative), depending on the intra-anesthesic raise of ETCO,,

postoperator vs. preoperator. Figura 4 prezinta, comparativ,
postoperator vs. preoperator, rezultatele testului NCT (in se-
cunde) in functie de valoarea intraanestezica a ETCO,, respec-
tiv, pentru starea de normocapnie (31,8 [28,8 - 34,8] vs. 33,0
[30,0 - 35,9], p=0,032), hipercapnie usoara (30.6 [27,9 - 33,3]
vs. 31,4 [28,8 - 34,0], p=0,016) si hipercapnie moderata (27,7
[24,5-30,8] vs. 28,8 [25,7 - 32,0], p<0,0001). Observati c3, re-
zultatele postoperatorii ale testului NCT sunt ameliorate fata
de cele preoperatorii statistic semnificativ, iar magnitudinea
semnificatiei statistice este proportionala cu gradul de hiper-
capnie.

in seriile de date cu valori ale ETCO,, a fost observat ca la
unii pacienti capnia crestea rapid intraanestezic, la altii - mai
lent. Astfel, s-au analizat rezultatele testului NCT, postoperator
vs. preoperator, in functie de gradientul ETCO, (diferenta din-
tre valoarea maxima a ETCO, intraanestezic si valoarea ETCO,
dinaintea inductiei), Figura 5. Astfel, pacientii cu un gradient
ETCO,<15 mmHg au prezentat valori ale NCT, postoperator vs.
preoperator cu diferente statistic semnificative (31,9 [29,6 -
34,1] vs. 32,7 [30,5 - 35,0], p=0,01); in mod analogic - paci-
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pending on the intra-anesthetic value of ETCO,, respectively,
for normocapnia (31.8 [28.8 - 34.8] vs. 33.0 [30.0 - 35.9],
p=0,032), for mild hypercapnia (30.6 [27.9 - 33.3] vs. 31.4
[28.8 - 34.0], p=0.016) and moderate hypercapnia (27.7 [24.5
-30.8] vs. 28.8 [25.7 - 32.0], p<0.0001. You can observe that,
the postoperative results of the NCT are improved, statistically
improved, when compared with the preoperative results, and
the magnitude of the statistical significance is proportional to
the degree of hypercapnia.

In data series with ETCO, values, it was observed that, in
some patients, levels of CO, raised rapidly during anesthesia,
and in others - more slowly. Thus, NCT results were analyzed,
preoperatively vs. postoperatively, depending on the ETCO,
gradient (difference between the maximal value of ETCO, dur-
ing anesthesia and ETCO, value before induction), Figure 5.
In this way, patients with an ETCO, gradient <15 mmHg had
values of NCT, postoperatively vs. intraoperatively, with statis-
tically significant differences (31.9 [29.6 - 34.1] vs. 32.7 [30.5
- 35.0], p=0.01); analogically- patients that had an ETCO,
gradient 215 mmHg (27.0 [23.9 - 30.3] vs. 28.5 [25.1 - 31.8],
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Fig. 6 Corelarea dintre valorile preoperatorii vs. postoperatorii ale NCT, in functie de nivelul capniei.
Fig. 6 Correlation between preoperative vs. postoperative values of NCT, depending of the capnia levels.
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entii care au avut un gradient al ETCO,>15 mmHg (27,0 [23,9
-30,3] vs. 28,5 [25,1 - 31,8], p=0,0007). Si in acest caz, obser-
vati performante semnificativ ameliorate la pacientii cu gradi-
ent ,mare” de ETCO, pe durata asistentei anestezice.

Figura 6 prezinta corelatia dintre valorile preoperatorii ale
testului NCT si cele postoperatorii, in functie de valoarea cap-
niei: normocapnie sau hipercapnie moderata. Norii de puncte
prezinta o dispersie redusa si un grad inalt de corelare, fapt ce
inseamna ca exista o relatie lineara stransa dintre valorile pre-
operatorii ale testului NCT si cele postoperatorii, cu o tendinta
generala spre accelerarea Indeplinirii testului.

Discutii

Prezentul studiu a avut drept scop compararea statutului
neurocognitiv postoperatoriu al pacientului, care a fost ven-
tilat intraanestezic, cu inducerea unei hipercapnii moderate.
Unul dintre potentialii factori de bias ale acestui studiu este
estimarea capniei prin prisma ETCO, si nu a PaCO,, care este
mai exact; In schimb, ETCO2 este noninvaziv, continuu si po-
sedd o precizie suficienta pentru majoritatea cazurilor chi-
rurgicale. Un alt factor potential de bias ar fi durata scurtd a
interventiei de colecistectomie laparoscopica, care a fost efec-
tuata la persoane fara comorbiditati majore. Posibil, impactul
hipercapniei se manifestd mai plenar in functie de anumite
comorbiditati sau are un beneficiu potential pentru anumite
interventii. in cadrul studiului, au fost atinse paliere reduse,
absolut inofensive de hipercapnie. Nivelele de PaCO, de 70-80
mmHg par sa induca efecte fiziologice maximale [2], care au
fost studiate, in special, la pacientii cu sindrom de detresa re-
spiratorie acuta severa [8, 9] sau in chirurgia toracica majora
[10]. Efectele acestor presiuni partiale de bioxid de carbon nu
au fost studiate, in schimb, in cadrul anesteziilor elective din
diferite domenii, In special - in conditiile circuitelor de reabi-
litare postoperatorie accelerata (fast-track).

Cu toate ca o testare neuroconitiva complexa necesita uti-
lizarea a cel putin 5 chestionare diferite, testul NCT pare sa
posede o sensibilitate si o specificiate suficient de buna in
identificarea disfunctiei cognitive subclinice la pacientii cu
patologie hepatici [11]. Ins4, conform lui Kircheis G. si coaut.
(2007), acest test poseda si o mare variabilitate de interpre-
tare subiectivi [12]. In studiul de fat3, testul NCT a fost se-
lectat pentru simplitatea explicarii si executarii lui de catre
pacient.

Astfel, datele obtinute ne confirma ca hipercapnia indusa
intraanestezic nu influenteaza negativ statutul neurocogni-
tiv al pacientului, cel putin, in cazul colecistectomiei laparo-
scopice. Mai mult decat atat, s-a observat o reducere a tim-
pului de executare a testului postoperatoriu, ceea ce induce
concluzia ca o hipercapnie moderata, prin cresterea fluxului
sanguin cerebral intraoperator, contribuie la pastrarea func-
tiei neurocognitive. Efectul de ,invatare” al testului, in cazul
NCT poate fi neglijat, deoarece ordinea aranjarii numerelor
pe foaie este aleatorie. Bineinteles, semnificatia statistica nu
inseamnd, neaparat si semnificatie cu impact clinic. De aceea,
pentru elucidarea definitiva a impactului hipercapniei induse
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p=0.0007). And in this case, it can be easily observed signifi-
cantly improved performances in patients with “high” ETCO,
gradient during anesthesia assistance.

Figure 6 represents the correlation between preoperative
and postoperative values of NCT, in relation with the capnia
value: normocapnia or moderate hypercapnia. The clouds
of points represent a reduced dispersion and a high degree
of correlation, fact that proves that there is a strong linear
relationship between the pre- and postoperative values of
NCT, with a general tendency towards faster test accompli-
shment.

Discussion

The present study had the aim to compare the neurocog-
nitive postoperative status of the patient that was mechani-
cally ventilated during anesthesia, and during which moderate
hypercapnia was induced. One of the potential bias factors of
this study was to estimate capnia through ETCO, values and
not Pa0, (which is more exact); instead, ETCO, is non-invasive,
continuous and has a sufficient accuracy for most of the sur-
gical cases. Another potential bias factor would be the short
duration of laparoscopic cholecystectomy surgery that was
performed in patients without major comorbidities. It is pos-
sible that, the impact of hypercapnia is more plenary mani-
fested depending on different comorbidities or has a potential
benefit for certain surgeries. In this study, reduced, absolutely
inoffensive levels of hypercapnia have been achieved. Levels of
ETCO, equal to 70-80 mmHg seem to induce maximal physio-
logical effects [2], that were especially studied in patients with
acute respiratory distress syndrome [8, 9] or in major thoracic
surgery [10]. Instead, effects of these levels of carbon dioxide
have not been studied in elective anesthesia from other do-
mains, especially - protocols of enhanced recovery after sur-
gery.

Even though a complex neurocognitive testing requires 5
different questionnaires to be used, the NCT seems to have
a good enough sensibility and specificity in identification of
sub-clinical cognitive dysfunction in patients with hepatic pa-
thology [11]. However, according to Kircheis G. et al. (2007),
this test has a big, subjective variability of interpretation and
accomplishment by the patient.

Thereby, obtained data confirms that, induced hypercapnia
during surgery does not negatively influence the neurocogni-
tive status of the patient, at least, in cases of laparoscopic cho-
lecystectomies. More than that, it was observed that postoper-
atively, the time required for test accomplishment is shorter;
fact that allows us to conclude that a moderate hypercapnia
contributes to neurocognitive function preservation, by means
of intraoperative raised cerebral flow. The effect of “learning”
the test, in cases of NCT can be neglected, because the order of
number arrangement on the paper is random. Obviously, sta-
tistical significance does not necessarily mean clinical impact
significance. That is why, in order to definitively elucidate the
impact of induced hypercapnia during surgery on the neuro-
cognitive status of the patient, multicentric randomized clini-
cal trials are necessary, with minimum 5 different tests to be



intraanestezic asupra statutului neurocognitiv al pacientului,
sunt necesare studii randomizate multicentrice, cu aplicarea a
minim 5 teste diferite, la persoane ventilate artificial cu nivele
de CO, peste 50 mmHg, beneficiare de interventii chirurgicale
mai ample, din diferite domenii.

Concluzii

Ventilarea pulmonara artificiala cu hipercapnie moderata
(ETCO,=45-55 mmHg), indusa si mentinutd intraanestezic, nu
afecteaza functia neurocognitiva a pacientului postoperatoriu,
dupa colecistectomia laparoscopica. Mai mult decat atat, func-
tia neurocognitiva postoperatorie, pe fundal de hipercapnie
moderata, indusa intraanestezic, pare sa fie ameliorata, pro-
babil din cauza mentinerii unei perfuzii cerebrale sporite.
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