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Assessment of Splanchnic Perfusion with Gastric
Tonometry in the Immediate Postoper ative Period of
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Objective - A prospective, nonrandomized clinical
study to assess splanchnic perfusion based on intramuco-
sal pH in the postoper ative period of cardiac surgery and
to check the evol ution of patients during hospitalization.

Methods - We studied 10 children, during theimme-
diate postoper ative period after elective cardiac surgery.
Sequential intramucosal pH measurements wer e taken,
without dobutamine (TO) and with 5Smcg/kg/min (T1) and
10 (T2) meg/kg/min. In the pediatric intensive care unit,
intramucosal pH measurements were made on admission
and 4, 8, 12, and 24 hoursthereafter.

Results- The patientshad an increasein intramuco-
sal pH valueswith dobutamine 10mecg/kg/min [ 7.19+ 0.09
(TO), 7.16+£0.13(T1), and 7.32+ 0.16(T2)], (p=0.103). Du-
ring the hospitalization period, theintramucosal pH values
werethefollowing: 7.20+0.13 (uponadmission), 7.27+ 0.16
(after 4 hours), 7.26+ 0.07 (after 8 hours), 7.32+0.12 (after
12 hours), and 7.38+ 0.08 (after 24 hours), (p=0.045). No
deaths occurred, and none of the patients devel oped mul-
tiple organ and systems dysfunction.

Conclusion - An increase in and normalization of
intramucosal pH wasobserved after dobutamineuse. Mea-
surement of intramucosal pH isatypeof monitoringthatis
easy to performand free of complicationsin children du-
ring the postoperative period of cardiac surgery.
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Incriticallyill patients, thefundamental andinitial or-
ganiclesion mechanismistissueor cellular hypoxia. When
alack of oxygen occurs, the adenosinetriphosphate (ATP)
hydrolysisrate exceeds the synthesisrate, with apH drop
asaconsequence. Thelow oxygen supply makestheorga-
nism mobilize its anaerobic sources of energy to meet the
energy demand of cellsand maintaintheir integrity .Under
such circumstances, CO, productioninall tissuesisdirectly
related to the O, consumptionrate.

Theintracellular pH fall seemstobecrucial for thecell
deterioration process, and thisinformation isfundamental
for the diagnosis of anaerobiosis onset; it would be in-
teresting toidentify which tissuesarethefirst to suffer hy-
poxiaand acidosisandtofind feasiblewaysof determining
thisacidosis?

The use of regional measuresis essential, assuming
that these areas might be early markers of systemic hypo-
perfusion. Other cellular metabolism markerscan beused,
such as arterial lactate, which is also a systemic measure-
ment, frequently with alateelevation, becausetheliver has
agreat |actate oxidation capacity 2. Global measurementsgi-
veuslittleinformation about oxygen utilizationand require-
mentsat thetissuelevel 4. Gastrictonometry contrastswith
thepoor sensitivity of someinvasivemethodsfor systemic
assessment of oxygenation. Intramucosal pH measurement
hasbeen evaluated asaminimally invasive method capable
of providing early information about inadequateti ssue oxy-
genation eveninclinically stable patients. However, intra-
mucosal pH needsfurther study for the establishment of its
critical value, where O, consumption becomestransport-de-
pendent 5.

Approximately 50-60% of patientsin the postopera-
tiveperiod of major surgeriesand 80% of patientsininten-
sivecareunitsarebelievedto beliableto devel optransient
episodes of dysoxia (imbalance between oxygen supply
and consumption), which are not diagnosed because appa-
rently these patientsarenormal, that is, without detectable
hemodynamic changes by the conventional methods, and

Arq Bras Cardiol, volume 77 (n° 6), 515-9, 2001

515



Souza et al
Gastric tonometry in the immediate postoperative period

their compensati on mechanismsmaintainthemthisway °.

Our objectivein this study wasto identify theintra-
mucosal pH alterationsduringthepatients' evolutioninthe
immediate postoperativeperiod of cardiac surgery inclini-
cally stable children and to find out whether any ateration
occursin gastrointestinal perfusionwhenincreasing doses
of dobutamineareadministered.

Methods

The study protocol was approved by the ethics com-
mittee of theuniversity, and awritten consent wasobtained
from the parents or responsible persons. The prospective,
nonrandomized clinical study wascarried out inthe pedia-
tricintensivecareunit, including only patientswho had un-
dergoneelectivecardiac surgery with extracorporeal circu-
lation, and excluding thosewho had any kind of contraindi-
cation for the passage of anasogastric lead.

Ten children with amean age of 41.3+25.1 months, a
mean weight of 12.12+2.98kg, and amean height of 92.2+
13.53cmwereevd uated. Their congenital cardiopathiesand
respectivesurgical correctionsarepresentedin Tablel. Pa-
tients were not divided into groups of those with cyano-
genic or acyanogenic cardiopathies.

The patients received as a preanesthetic medication
either midazolam or ketamine. Inductionwasmadewithan
oxygen mask and i soflurane at amaxi mum concentration of
1%. Neuromuscul ar block wasperformedwith pancuronium
and anesthesiamai ntenancewith fentanyl. Patientswereme-
dicated before surgery and during the postoperative period,
with 3mg/kg/day intravenousranitidine every 8 hours”.
Extracorporeal circulationwascarried out by nonpul satile
flow, and slight hypothermiaor normothermiawasapplied.

Inthe operating room, NGS Catheter Trip tonometry
leads were available (gastric tonometer and sump - Tono-
metrics, Inc., Worcester, MA, USA). After ensuringthelo-
calization of the lead in the stomach through auscultation
followedby X-rays, 2.5mL of 0.9% salinesolutionwereinfu-
sedintothetonometer balloon (Fig. 1).

To calculateintramucosal pH, the Radiometer Cope-
nhagen ABL 330gasometry devicewascons dered thestan-
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Fig. 1—Assessment of splanchnic perfusion by using gastric tonometry during the
postoperative period of cardiac surgery in children.

dard. Theintramucosal pH wascal culated using the saline
solution pCO, measurement (pCO,, ), corrected by theequi-
libriumtimeasrecommended by themanufacturer, and arte-
rial bicarbonate(HCO, art.) withtheHenderson-Hasselbach
equation.

Upon admission to the pediatric intensive care unit,
the patients’ temperature was normalized, and they were
put onintermittent mandatory ventilation. Intramucosal pH
measurementsweretaken until thelead wasremoved, whi-
choccurred after extubation or when enteral feeding started.
None of the patientswasextubated or received enteral fee-

Table!| —Distribution of patientsby age, weight, height, congenital heart disease, and the respective surgical corrections performed
Age Weight Height Diagnoses Surgical Correction
Months kg an
87 17.2 115 Mitral failure Mitral valvoplasty
36 12 92 Double entrance of LV and pulmonary artery bandage Bidirectional cavo-pulmonary shunt
22 11.3 85 Abnormal origin of left coronary Reimplantation of left coronary artery into the aorta
68 14.5 106 Ventricul oseptopl asty
24 104 85 Ib tricuspid atresia Enlargement of IAC and bidirectional cavopulmonary
74 16.8 112 Doubleexit of LV +1VC + PS Total correction with RV- PT tube
26 9.8 83 Doubleexit of RV + PS Atrioseptectomy and central aorto-pulmonary shunt
27 10.1 82 Residual IVC in PO Fallot's Tetralogy Closure of residua IVC
32 10 82 Ventricul oseptoplasty
17 9.1 80 Ventricul oseptoplasty
LV- left ventricle; RV- right ventricle; PT- pulmonary truncus; PS- pulmonary artery stenosis; 1VC- interventricular communication; IAC- interatrial
communication.
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ding within thefirst 24hr of hospitalization. The assisting
doctor’s conduct was not influenced by the tonometry re-
sults, becausethey wereunknown to him. Thefirst measu-
rementsweremadewithout any drug being given (immedia
tely after admission), then with 5 meg/kg/minand 10 mcg/
kg/min of dobutamine, after a90-minutewaiting periodfrom
thechangein druginfusion until themeasurement wasma-
de. After patients were admitted to the pediatric intensive
careunit, themeasurementswere compared, all of them ha-
ving been madewith patientsreceiving dobutamine (except
on admission), at thefollowing times: admission, 4, 8, 12,
and 24hrs.

Clinical parameters(diuresis, heartrate, RR, capillary
filling, thermal gradient), el ectrocardiography, meaninva-
sive arterial pressure, central venous pressure, and pulse
oxymetry were used to monitor patients.

Theeffect of giving dobutaminewasanalyzed by com-
paring thevariablesin 3 different situations: without dobu-
tamine, with dobutamine 5meg/kg/min and 10mcg/kg/min.
For thisanalysis, the Friedman assay (x?) was used. The
significancelevel adopted was0.05 (0=5%).

Results

Theintramucosal pH valuesand meaninthe 3 scena-
rios(nodrug, 5Smcg/kg/min dobutamine, and 10mcg/kg/min
dobutamine) are shown on Table I1. These values did not
show any statistically significant difference(p=0.103), but
the patients showed atendency toward anincreaseinintra-
mucosal pH.

Themean period of extracorpored circulationwas62.4
minandof anoxiawas 43.5min. Surgery wasperformedwith5
patientsunder dight hypothermiaand the other 5 under nor-
mothermia, withasimilar intramucosa pH occurringat theend
of extracorpored circulationinal thesepatients(7.25+0.07 un-
der hypothermia, and 7.27+0.09 under normothermia).

Themeanintramucosal pH valuesduring the patients
evolution in the pediatric intensive care unit are shownin
tablelll. Ascompared withtheintramucosal pH onadmis-
sion, the patientshad asignificant risein intramucosal pH

Table !l —pHi values and mean of 10 children in 3 three situations:
no dobutamine, 5mcg/kg/min, and 10mcg/kg/min dobutamine
No dobutamine 5 mcg/kg/min 10 mcg/kg/min

pHi 7.32 7.27 7.26

pHi 7.09 7.01 7.52

pHi 7.06 7.10 7.55

pHi 7.09 7.05 7.17

pHi 7.29 7.26 7.29

pHi 7.18 7.14 7.30

pHi 7.23 7.28 7.55

pHi 7.20 7.08 7.37

pHi 7.34 7.42 7.18

pHi 7.18 7.04 7.08

(Mean+SD.) 7.17+ 7.14+ 7.35t x2=455
0.11 0.11 0.15 p=0.103
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Tablelll - pHi valuesand mean of during the internation.
On admisson After 4hr  After 8hr  After 12hr After 24hr

pHi 7.21 7.55 7.30 7.21 7.44
pHi 7.13 7.37 7.22 7.31 7.35
pHi 7.09 7.10 7.26 7.29 7.54
pHi 7.15 7.18 7.40 7.50 7.30
pHi 7.45 7.57 7.36 7.53 7.43
pHi 7.00 7.19 7.24 7.33 7.33
pHi 7.37 7.29 7.19 7.36 7.23
pHi 7.19 7.16 7.22 7.13 7.41
pHi 7.27 7.14 7.16 7.25 7.38
pHi 7.16 7.19 7.30 7.29 7.39
(Mean+S.D.) 7.20+ 727+ 7.26+ 7.32+ 7.38+

0.13* 0.16 0.07 0.12* 0.08 *
Admission # (12hr = 24hr).

after 12 hours, and thismeasurement remained stabl e after
24 hours(p=0.0459) (Fig. 2).

The patient’s hemodynamic picture remained stable,
with adequate hemoglobin saturation levels, and no meta-
bolicor respiratory acidosisoccurred, their mean hematocrit
value being 33%. Only 3 patients had transitory hypoten-
sion, whichwasaccompaniedin 2 patientsby heart rhythm
disorders(junctional rhythm or bradycardia) during theim-
mediate postoperative period.

Noneof thepatientshad renal failure, developedamuilti-
pleorganor systemdysfunction, or died. All patientswerere-
movedfrommechanical pulmonary ventilationwithout any in-
tercurrent anomaiesand werere easedfromthepediatricinten-
Svecareunit 6to8hoursafter extubation. Hospitdizationtime
inthisunitwasat least 1 day and at most 3days.

Discussion

During states of shock, aloss of the splanchnic self-
regulation mechanism occurs, and both the humoral and
neural mediators produceasel ectivevasoconstriction, lea-
ding to splanchnicischemia. Notethat the gastrointestinal
tractushasendocrine, metabolic, immunologic, and barrier
functions, inadditiontoitsroleinfood absorption, and can
thereforenolonger beviewed asapassiveorgan. I ntestinal
ischemia and reperfusion can bring about anincreasein
permeability, allowing bacterial or toxintranslocationto oc-

X*r=9,22
* p=0,0459
7,40 admission 12, 24h

7,354
7,30
7,251
7,204

7,154

ga ] T d
adim. ik 8h 12h 4k

Fig. 2—Graphical representation of elevation and normalization of pHi of the
10 patients during thefirst 24hr after admission to the pediatric intensive care
unit.
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cur, invading theportal circulation. I nadeguate hepatic per-
fusion leadsto a decreased clearance of bacteriaand their
products. Intestinal i schemiacan be animportant cause of
multipleorganfailureand deathincriticaly ill patients®.

Theuseof intramucosal pH measurementsto predict
complicationsafter surgery wasstudied by Fiddian-Green
and Baker ¢, who measured intramucosal pH in 85 patients
inthe postoperative period of elective cardiac surgery and
comparedit with other monitoring methods. Thehigh sensi-
tivity of thismethod |led theauthorsto recommend the utili-
zation of intramucosal pH to reducetherisksof complica-
tions, without increasing the risks for the patients. In stu-
diescarried out by Mythen and Webb *** on atotal of 51 pa-
tients, anincreaseoccurred inthe number of complications
inelectivesurgeries, withanincreasein hospitalization cos-
tsinpatientswith alow gastricintramucosal pH during sur-
gery; 14 patientsdevel oped complications (7 with multiple
organ dysfunction) and 6 died.

During and after extracorporesl circulation, anincrease
inmediators causing vasoconstriction occurs, mainly inthe
levelsof circulating angiotensin |1, the hormone responsi-
blefor sel ective splanchnic vasoconstriction, being poten-
tialy abletoalter theintramucosal pH. Gaer et al 2 compared
the gastric tonometry alterationswith the use of pulsatile
and nonpul satileflow and found areductionin gastrointesti-
nal perfusion, with gastricintramucosal acidosisand thede-
velopment of postoperative complications. Landow et al
observed adropinintramucosal pH during extracorporeal
circulation, which continued even after reheating.

Thedatareported in theliterature concern adults; in our
study, we selected children in theimmediate postoperative
period of corrective surgeries congenital cardiopathieswith
extracorporeal circulation, to observe and assess the ap-
plicability of thiskind of monitoring and to characterizethe
evolution of thisvariable (intramucosal pH) during theim-
medi ate postoperative period. Thedefinition of anormal be-
havior curveisthefirst step toward the subsegquent definition
of itsroleand of thetruebenefit of usingitincomplicated cases.

Volemic replacement may beinsufficient to maintain
intestinal perfusion and improve theintramucosal pH du-
ringtheimmediate postoperativeperiod of cardiac surgeries.
It seemsthat adrenergic agentsplay animportant roleinthe
improvement of splanchniccirculationandinthereversal of
intramucosal acidosi's, and dobutamine seemsto bean effec-
tive agent in theimprovement in splanchnic blood flow 4.
Inotropic support isusually necessary after heart surgery,
particularly when long lasting myocardial ischemiais
present. Inthepediatricintensivecareunit, thegreat majo-
rity of children are placed on dobutamine during theimme-
diate postoperative period and until they become hemody-
namically stable, dwaysafter correction of volemia, of hemo-
globin, and of metabolic acidosis, whenever necessary. In
this study, we attempted to assesswhether progressivein-
creasesin the drug would bring about a better splanchnic
flow normalization responseduring thefirst hours after ad-
missiontothe pediatricintensive careunit.

Inadditiontoitsuseasadiagnostic method, someau-
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thors suggest monitoring intramucosal pH for therapeutic
eval uation and triaging purposes. Comparing dobutamine
infusionand infusion of packed red blood cellsin 21 septic
patients, Silverman and Tuma?® concluded that it was bet-
ter to give dobutamine than packed red blood cellsto re-
verseintramucosal acidosis. Dobutamineal so seemstopre-
vent thereduction of theintestinal blood flow during endo-
toxemia; consequently itsprophylactic usecanlimitintesti-
nal ischemiaand prevent the devel opment of multipleorgan
and system dysfunction 6. Hernandez et al " obtained a
grester improvementinintramucosal pH using dobutamine
in patientswithinflammatory systemic responsesyndrome
and shock than with amrinone.

AccordingtoParviainenet a %8, theeffectsof dobuta-
mine on intestinal perfusion during the cardiac postope-
rativeperiod may not beuniform. Intheir article, they report
that dobutamineincreased cardiac output, splanchnicflow,
and systemic and splanchnic oxygen transport (TO,), but
splanchnic O, consumptionwasnot altered (leadingtoare-
ductionin systemic and regional O, extraction). Intramu-
cosal pH wasnot different between the control and thenor-
mal cardiac output groups, butit waslower inthegroupwith
low cardiac output, suggesting an aterationintheflow dis-
tributionwithinthe splanchnicterritory.

Inour cohort, several patientsmaintained alow intra-
mucosal pH (pHi<7.32), without major clinical alterations,
evenafter theinitial volemicreplacement by plasmaor a bu-
minor even packed red blood cells. Patientshad anincrease
inintramucosal pH as dobutamine was progressively in-
creased, but the values were not statistically significant.
Withthe5mcg/kg/min dose, noincreaseoccurredinthein-
tramucosal pH, but with 10mcg/kg/min dobutamineit rea-
chedavdueconsidered normal (7.32), whichmight reflecta
recovery intheintestinal blood flow, either by spontaneous
recovery fromextracorporeal circulationor by theuseof the
inotropicdrug. Becausewedid not use subgroupswithand
without dobutamine, we cannot define whether an actual
benefit was brought about by the use of the drug.

Not all authors agree that inotropic drugs have this
improving effect onintramucosal pH. A study by Uusaro et
al % suggeststhat patientswith an uncomplicated postope-
rative period might tolerateal ow intramucosal pH for ashort
time without ulterior complications, whereas in another
study they conclude that dobutamine seemsto improve
splanchnic perfusion during theimmediate postoperative
period of cardiac surgery 2.

Niinikoski and Kuttila® reported aninitial dropinthe
intramucosal pH after cardiac surgery with extracorporeal
circulation. Thisdrop reacheditslowest valuesby theend
of surgery and during thefirst 3 hoursof hospitalizationin
thepediatricintensive careunit, and later onthe patientsa
slow improvement in theintramucosal pH, similar to our
own experience. In some studies, even using inotropic
and vasodilating substances, no postoperative norma-
lization of theintramucosal pH was observed 24hrs after
admission %%,

Rey et a ?* analyzed the postoperative intramucosal
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pH of children and found that its decrease preceded hemo-
dynamic complications, whereas Casado-Flores et al %
found ahigher mortality ratein patientswith anintramuco-
sal pH below 7.30 onadmission.

I'n our work, intramucosal pH stabilized 12hr after
patients entered the intensive care unit, where they all
received dobutamine. Despite the low initial values of the
intramucosal pH, no patient experienced multiple organ
dysfunction or died. So many questions still must be ad-
dressed, such as how long can the low intramucosal pH
levelsbe maintained without further consequences.

In 19 trauma patients, Kirton et al 2, observed that
survivorswho wereunableto normalizetheir intramucosal
pH withinthefirst 24hr had anincreased global timeof stay
inthehospital andintheintensivecareunit. Themonitoring
of the gastric intramucosal pH may therefore benefit
patients at risk of developing low cardiac output or shock
and al so to those whose hemodynamic variables areim-
possibletomonitor .

This experience enabled usto conclude that tonome-
try isasafetechnique, easy to perform, and uncomplicated,
eveninthe pediatric popul ation.

Insummary, hemodynamic monitoring with gastricto-
nometry is, accordingtotheliterature, avaluable procedure
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during theimmediate postoperative period of cardiac surge-
ry inchildren. Inour patients, intramucosal pH roseto nor-
mal values 12hr after cardiac surgery, showing the probable
normalization of blood flow inthegastricregion.

Invasi ve hemodynamic measurementsprovideuswith
more data and greater safety for the change of inotropic
and vasoactivedrug dosages, yet major difficultiesexist for
their regular use in pediatrics. Perhaps gastric tonometry
canimprovethetitration of thesedrugsin pediatric patients
with severe hemodynamic instability. Aswe had no cases
of multiple organ dysfunction or low cardiac output in our
cohort sample, wewereunableto eval uatetheintramucosal
pH alterationsin thiskind of patient. Our results can, ho-
wever, be used as aguideto outline the behavior of intra-
mucosal pH during theimmediate postoperative period of
cardiac surgery inchildrenwho dowell. Dobutaminemay be
partially responsiblefor theimprovement insplanchniccir-
culation, thus reducing the risks of postoperative compli-
cations, but proper conclusions need targeted studiesto
defineitsrole.

Controlled, randomized clinica studies, with protocols
accompanied by intramucosal pH monitoring should be
carried out beforedobutamineisused routinely in pediatric
patients after cardiac surgery.
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