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The Contrasting Effects of Dopamine
and Norepinephrine on Systemic
and Splanchnic Oxygen Utilization

in Hyperdynamic Sepsis
Paul E. Marik, MBBCh, FCPSA, FRCPC. Aohamrmed toheding MD

Obiective—Tc compare the effects of dopamine and norepinephrine on
systemic and splanchnic oxygen utilizatic n in patients with hyperdynamic sepsis.

Design.—A randomized short-term, in erventional study.

Setting.—An intensive care unit of a ( niversity hospitai.

Patients.—Twenty septic patienis with a cardiac index grealer than
3.2 L-min~".m™ and either a mean arterial pressure {MAP! less than 80 mm Hg or
a systemic vascular resistance index ies:: than 1200 dyne-s-cm *m=.

Methods and Interventions.—Patient ; were randomized 1o receive an infusion
of either dopamine or norepinephrine titrz ted to increase the MAP to greater than
75 mm Hg. The hemodynamic profile, ox rgen delivery, oxygen consumption (de-
termined by indirect calorimetry), and gas! 1ic intframucosal pH (pHi) (determined by
gastric tonometry) were determined at baseline and after 3 hours of achieving the
target MAP.

Resuits.—Dopamine increased the M/ P largely by increasing the cardiac index
whereas norepinephrine increased the W AP by increasing the systemic vascular
resistance index while maintaining the car liac index. Although oxygen delivery and
oxygen consumption increased in both g oups of patients, the pHi increased sig-
nificantly in those patients treated with nci epinephrine whereas the pHi decreased
significantly in those patients receiving ¢ opamine (<001, for corrected 3-hour
valug).

Conclusions.—This study suggests tr at dopamine may cause an uncompen-
sated increase in splanchnic oxygen requ rements in septic patients. Norepineph-
rine, however, may have a more favor: ble hemadynamic profile and improve

splanchnic tissue oxygen utilization in se.)sis.
[JAMA 1H84272:1854-135T)

of immunosuppressive therapy, an aging
population, improved survival of individ-
uals with debilitating illnesses, and in-
vasive medical procedures are thought
te have contributed to this increase.®?
Despite initial optimism, antiendotoxin
and anticytokine therapy appears tohave
little role in the treatment of sepsis.?
Broad-spectrum antibiotics and fluid re-
suscitation therefore remain the corner-
stone of treatment in patienis with sep-

THE REPORTED incidence of the sep-
sie syndrome in US hespitals has in-
creased 139% in the last decade.? The use
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tie syndrome und septic shock. However,
despite  adequate fluid resuscitation, |
nany septic patients remain hypoten-
sive with evidence of inadequate tissue
oxygen utilization.” Inotropie agents are
aliwost always nsed in this situation to

inerease blood pressure and impyove tis ’

sue vxygen delivery. Dopamine is con-
sidered by muny Lo be the inotropic agent
uf choice in this situation®

The oxygen utilization abnormality in
sepsis may be due to the combined ef-
fects of a low mean perfusion )aressiure

EEL————

together with eapillary endothelial dam- i
agre, resulting in sluggish capillury flow,
microcapillary occtusion, and functional

arteriovenous shunting.™” Recent data }

suggest that in septic patients dopamine
may increase splanchnie oxygen require:
ments and increase functional arterio-
venous shunting. Segal and coworkers’
demonstrated in a hemorrhagic ani
model that dopamine hastened the o
set of splanchnic ischemia. Norvpinel?h' 1
rine is jess thermogenic than dopamne .
and has differing hemodynamic effects
in septic patients.**® However, due 10
the fear of excessive vasoconstrietloh
this agent hus not been widely used:
We hypothesized that in hyperdynam '
sepsis norepinephrine may have a mor¢
desirable effect on splanchnic microcal |
ilary flow and tissue oxygen utilizatio?
than does dopamine. The aim of th¥
study was to compare the short-ter
effects of an infusion of dopamine 8%
norepinephrine on the hemodyng
profile and systemic and splanchnie 0¥ ;
gen utilization in patients with hype”
dynamie sepsis.
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METHODS

This study was conducted in the  riti-
cal care unit of a teaching hospital. The
sturly protocol was approved by the uni-
versity review board. Patients wer : eli-
gible for entry into this study if they had
a definable source of infection ard/or
positive blood cultures, met the :tan-
dard criteria for sepsis,® and after ad-
equate fluid resuscitation (pulmoary
capillary wedge pressure >12 mm Hg)
had a cardiace index greater thar 3.2
L-mintm™ and either a systemic vas-
cular resistance index (SVRI) less han
1204 dyne-s-cm™m™ or 4 meun art :rial
pressure {MAP) less than 60 mm Hg,
and who were undergoing mecha tical
ventilation. Patients requiring dial ysis,
patients with active upper gastroir tes-
tina! bleeding, and patients unlike y to
sutvive longer than 24 hours fullo ving
initintion of the stwily were exclude 1. In
addition, patients who required a in-
spired oXygen concentration greater
thar: 7% to maintain an arterial ox; rgen
saturation of greater than 90%: were also
exclitded from the study.

Stucy Maneuvers

Putients wers studied within 24 hours
of developing sepsis. A nasogaztri: to-
nometer {Tonometries Ine, Hopkiiton,
Mas=) wus inserted, and its pozitior was
confirmed radiologicadly. To improv : the
accuracy of the measurement ol the gas-
tric intramueosal pH (pHi), aii pat ents
received intravenous ranitidine. I not
already insitu, a 7.5 flow-directed  her-
modilution pulmonary artery catleter
with a fast-response thermistor (3ax-
ter, Irvine, Calif} was inserted.

Puarients were fuid resuscitated to
achieve a pulmonary capillary wdge
pressure of greater than 12 mm Hy . To
miniraize changes in oxygen uptak : un-
telated to the intervention, patients vere
sedated with a midazolam and mory hine
infusiun, and & vecuronium infusior was
used far neuromuscukar blockasde, Lyawd-
ditios, the patients were not tirned or
setiened, and they did nit recenv e | hvs-
itherapy or have a roentgenogr: phic
examuinution Juring the stwdy period,
Venti.ation was adjusted to mainta nan
arteri-d pH greuter than 720 ant an
arteri. [ salturatinn greater thar 07 N
changs s in ventilator settings v ere per-
mittedd during the study perivd.

Pativnts were rundomized using: run-
fom-r:.imber generator to veceive : nin-
fusion of dopamine or norepinephrine.
After huseline measurements wer @ ob-
tained. the vasoactive agent was titt ated
furing a period of 20 minutes to acl ieve
AMAP greater than 75 mm Hg (al in
the caze of dopamine, the dose wa: also
trated to keep the pulse rate less than
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Table 1.—Patient Cemographic Data {Mean+350)

Norepinephrine Dopamine*
Age, ¥ 467 46+4
Sex, M:F 6:4 g5
Hemoglobin level, g/l 1028 9523
White biood cell count, «10%1 8121 14.1:2.7
Sarum urea mitrogen levei, mmolL {mgidl) 10.0+2.9 (28+8) 10.7+3.6 (3010}
Acule Physiology and Chronic Haalth Evaluation Il scare 18x1 17£2

*No significan) differences between groups.

Table 2.—Fatients’ Clinical Sata

Age, y Diagnosais ODutcoma
MNorepinephrine
k1 Preumacoccal pnedmania Mive
32 Prneumacoccal pneumonia Dead
39 Fseudomonas pneumonia Dead
45 Klztsighla preumonia Alive
62 Urosepsis, pneumoma Allva
67 Urosepsis, gram-negaive septicema Allve
68 Urosepsis, gram-negalive seplicemia Dead
49 Fuimanary tuberculosis, gram-negative septicemia Dead
3z Pancreatitis, gram-negative septicemia Dead
38 Cellulis. septicemia Alive
Dopamine
40 Preumococsal pnedmonia Dead
64 Pneumococcal pneunamia Alive
28 Preurmococcal pneumonia Dead
42 Gram-negative predmonia Dead
92 Gram-negative pnedmonia Dead
27 Gliorma, gram-negative sephicemia Alive
78 Myeloma. gram-nedative septcemnia Dead
&2 Acute rrnal fallure, gram-negative septicemia Dead
54 hosapsis, gram-nagativa sepheemia Alive
54 Adit respiratory disiress syndrome. gram-negative seplicemia Allva

150 beat= per minute). The use of nther
vasoactive agents wis not permilted
during the study pericod. Each patient

ras studied onee and did not cross over
to the v her imb of the stuwdy. Onee the
desired MAP was achieveill noalleration
in rate ofinfusion of the inotropic azent
or flukl was permitied until the emd of
the stidy period.

Study Measurements

A daiu ses wae vollocted al bigeline
and repestted 3 hours ter, Bach data
Set anelide comniplete bliwad cell vonnt,
arteriad hlomd lictate concentrution, o
hetnod v, el oxyeenation pawoiile,
anil a pHi messurement. Henodynamic
atay inetaded polmonary arterial pres
sape, Rels vt eentyl
sure, MAF, sohmanary eapilliney wdgn
pressure, eardiac output, and vight ven-
tricular ejection fraction. Cardiae out-
put determinations were made using 16
ml. of Injectate at 050 and carmliac out-
put camputer (Explorer, Baxter), Ar
terial blood and mixed venous hio were
sumnpled simuitaneously with the car-
dine output measurements for determi-
nation of blood gas values (ABLS, Ra-
dinmeter, Copenhagen, Denmark) and

Pl e

hemoglehin saturation (OSM 3 Hemox-
imeter, Radiometer), Oxygen delivery
andl systemic vaseular resistance were
caleulsted using a standard formula. All
tlow and volume measurements were
indexed to body surfice area. Hemoglo-
bin voneentration was measured using a
Uondter analyzer (Coulter Electronics,
Hialeah, Fla). Arterial blood specimens
for lacrate determination were analyzed
using an enzymatic method (2300 Stat
Analyzer, YsL Ine, Yellow Springs,
¥hie). The novmal range of plasma lac-
mate for out taboratory is 12 to 22
mmol/T.. The Acute Physiology and
Uhronic Health Evaluation [1Y score was
used] ax an index of dizease severity.
Chtyointestinal oxvgenation was in-
Airet e spssond by measaring the pHi
g a nasorastrie tonometer (Tono-
metrics Ine). The tonometer is a naso-
pastric tube with 4 silicone balloon that
i= freely permeable to carbon dioxide at
tts distal end. Gustrie intramucosal pH
ax measured by tonometry has been vali-
dated by direct measurement using mi-
croelectrodes,’” and the measurements
obtained reflect the adequacy of splanch-
nic aerobie mietabolism,!" The normal pHi
ix 7T.3920.03 (meantSDLY The balloon of

Coparuw andg Yoccingpanine -—NMarik & Mohedin 1358



Table 3.—Hemadynamic and Oxgenation Data of Pati :ns Treated With Norepinephring or Dopaming iMeansSEM)

Norepinephrine {n=1{0} Dopamine (n=10) Ch:i"gﬂl
f M r I Hours,
Baseli 3 Hours P Baseline 3 Hours P -~
Heart rale, beats/min 10525 10213 20 12124 138+3 fala}] .age
Mean anerial pressure, mm Hg 654 B 8?:4“._ ~.(HH 6312 8713 =001 G0
Mean pulmonary arterial pressure, mm Hg 2713 Il fax) 2042 3413 005 i)
Pulmonary capillary wedge pressure. mm Hg 1521 1621 2% 1521 1621 A0 70
Cardiac index, L-mir "-m * 42205 4.7=04 .o 42104 5.3+0.7 008 .05
Right ventricular ejection fraction 28.6+3.2 311230 00e 25 4x3 4 33,323 71 .02 a0
Laft ventricular siroke work index 20:4  44a7 007 254 3723 =001 50
Systernic vascular resistan 11102104 103577 12212130 10 50
Ouygen delivery index. mil : : RNy 703289 02 o
Qxygen consumption mdex oL -|;|n T o . 18'_;;;29: T -__-221138 .0a1 N 3 7‘0_-_
intramucosal pH 7161007 723007 vs 724:004 7182008 02 e
Lactate, mmaki 18108  1cecan 66 52.04 21204 60 60

.|
*Diffarence betwaen the 3-hour values of dopamime anc

the tonometer was filled with 2.5 ml of
normal saline and allowed 1o equilihrate
{starting ¥} minutes before cach data
set} with the pastric mueosa. Onee equili-
brated, the halloon was aspirated, and
the carbon dioxide tension of the fluid
was determined using the ABL3 blood
gas analyzer. The pHi was then calcu-
lated by substituting the partial pres-
sure of carbon dioxide and arterial hi-
carbonate concentration inte the
Henderson-Huasselbalch equation.™ "
Systemic nxvgen uptake wus meu-
sured by using a portable system of in-
direct calorimetry (Deltatrac Metabolic
Monitor, Datex Instrumentation Corp,
Helsinki, Finland). This system mea-
sures oxygen and carbon dioxide con-
centrations in inspired and expired gascs
during each minute and then calculates
carbon diexide production and oxygen
uptake for the minute. Thiz system has
been shown to be accurate, reproduc-
ible, and sensitive."™ The metabolic moni-
tor was calibrated before each measure-
ment, After § minutes of stabilization,
oxygen uptake was measured for a pe-
ried of 20 minutes. The average coeffi-
cient of variation for each 20-minute pe-
riod for the 20 patients studied was 7.8%.

Statistics

At the end of the data collection, sum-
mary statistics were compiled to allow
a description of the study population,
The baseline and 3-hour data for each
group of patients was compared using
the paired Student’s ¢ test. The baseline
and 3-hour (eorrected for baseline dif-
ferences} data between the groups were
compared using the unpaired Student’s
t test. Unless otherwise stated, all data
are expressed as the meantSEM.

RESULYTS

Twenty patients were studied, 10 in
each group. The patients' ¢linical and
demographic data are presented in

1356
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nefepinephnnc coeractng for baseline vaues

Tubles 1l 2 The mean infuston rate
of dopimine was 2H=zis ke per
mintte, and thid ol norepinephrne was
(ISHL06 pe ke poer minute, The patients”
hemodynarmie ated oxyvgenation data e
presented in Table 3. There were no
significant differences inany of the base-
line parameters hetween the {wo groups
of patients.

Dopamine inereased the BMAF by 5595,
largely due toan inerease in the cardine
index. In eomtracdistinetion, norepineph-
rine increased the MAT by 555 pore-
dominantly duv to an increase in the
SVRL Althuugi oxvgen Jdelivery and
oxygen conswmplion increased in both
groups of putivets, the pHI inereased
sighificantly i those patients treated
with novepinephrine whercas the pHi
decreascd sipnificanily in those patients
receiving dopamine. The difference in
the 3-hour pHi between the two groups
of patient= was significant (P<001).

COMMENT

In this study, we demonstrated that
dopumine invrensed botk systemic oxy-
gen delivery and oxyiren eonsumption in
patients with hyperdynamic sepsis. Yet,
despite an inereased oxvgen delivery, the
pHi, a surropate marker of tissue oxy-
genation, decreased. In contrast, norepi-
nephrine resulted in 4 significant increase
in pHi, despite a less significant increase
in systemic oxygen delivery, These find-
ings suggest that dopamine increased
splanchnic oxygen utilization, which was
uncompensated for by the increased oxy-
gen delivery consequent on the drugs’
inotropic and chronotropic effects, the
net result being an increase in the
splanehnic oxvgen debt (as reflacted by
the decrease in pHi). Norepinephrine,
however, appeared to have a more fu-
vorable effect on the halance between
splanchnie oxygen delivery and oxygen
atilization. The results of this study may
-herefore challenge many of the conven-

tional wisdoms concerning the use of ino-
ropie agents in ithe management of hy-
perdynamic sepgis =1
While a number of studies have in-
vestigated the effects of dopamine and/
or nirepinephrine an the hemodynamic
profile and oxygen utilization patiernin
hyperdynamic sepsis, nene have simul-
taneously followed the changes in in-
dexes of tissue oxygenation and at the
same time independently measured oxy-
gen consumption, ™ Measurements
of systemic oxypen delivery and oxygen
consumption provide little information
ws 1o the adequacy of Ussue oxygen-
ation, This data must be interpreted in
conjunetion with indexes of tissue oxy-
genation, Furthermore, due to math-
ematical compling (of systemic oxygen
delivery with oxygen consumption}, oxy- |
gen consumption sheuld be measured
independently ™
We found that dopamine increased the
MAP predominantly by increasing car-
diac output whereas norepinephrine in-
¢reased the MAF by inereasing vasei-
lar tone, without compromising cardiac
output. This suggests that in hyperdy-
namic sepsis dopamine acts largely by
increasing flow whereas norepinephrine
increases vascular resistance without
compromising flow. These observations
have been documented previously.
At low doses, dopamine normally inr
proves ventricular contractility and car-
diac cutput by its p,-adrenergic prop
erties, and at high doses, it increases
systemie vascular resistance by o
adrenerglc receptor stimulation result-
ing in increased blood pressure. In hy-
perdynamicsepsis, however, the By adre-

nergic properties of dopamine predomi- |

nate regardless of dose.!! The net effect
is anincrease in cardiac output and mea?
blaod pressure, with the SVRI remain
ing unchanged or even decreasing
slightly,*** Norepinephrine, on the othef
hand, has both oy-adrenergic and [51'3‘-']'
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renergic properties, with the forme r pre-
' dominating. In hyperdynamic seps s, the
- net effect of norepinephrine may be to
increase afterload (SVRI) witt. the
- drugs’ Bi-adrenergic activity mai itain-
ing cardiae output.
~ Although dopamine increased sys Lemic
oxygen delivery by 23%, the pki de-
creased. It could be argued that lopa-
mine directed flow away fron the
splanchnic bed. This, however, seer 15 im-
bable. Ruokonen and coworkers eom-
the effects on dopamine anc¢ nor-
epinephrine on the pattern of splar chnic

rthe use of ino<
igement of hy.

adies have in<’;
dopamine and/
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tion patternin”™
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& observations
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atance by o
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ressure. In hy-

rer, the Bl-adl‘e" ¥
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| The net effect }-

utput and meas
SVRI remain-
en decreasing

oxygen utilization in patients wit1 hy-
_ perdynamic sepsis using a dye diiution
technigque and hepatic venous sam ling,

They found that dopamine inerased
 splanchnic oxygen delivery by 65% com-
pared with 33% for norepinephrine Sur-
prisingly, however, dopamine incriased
splanchnic oxygen consumption by only
16% compared with 28% for norepieph-
rine. Uusaro et al*! repeated this e» peri-
ment in eight patients following zoro-
aary artery bypass surgery, using d pex-
amine (a synthetic catecholamine with
p-adrenergic and depaminergic act vity)
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