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Hemodynamic Response to Fluid Challenge: A Means of Assessing

Volume Status in the Critically 11l

H. Mathilda Horst, MD," and Farouck N. Obeid, MD*

{ "':F"w

Cardiovascular and oxygen transport variables were studied during fluid challenges in 50 critically ill
patients. The results show three distinct patterns of response: hypovolemic, normovolemic, and
hypervolemic. Colloid fluid challenge is a rapid, effective diagnostic modality for determination of

cardiovascular function in the surgical critical care patient. (Henry Ford Hosp Med J 1986 ;34 :90-4)

valuation of intravascular volume status in the critically ill is

difficult (1). These patients may have already undergone
vigorous fluid resuscitation for shock or dehydration and also
may have varying degrees of impairment of cardiac, pulmonary,
and renal function. These factors may cause the basic param-
eters of volume status (blood pressure, pulse, and urine output)
as well as some invasive measurements (central venous and pul-
monary capillary wedge pressures) to be misleading (2). The
intravascular volume in critically ill patients may be normal, in-
creased, or decreased. Appropriate fluid therapy, which may be
crucial for sustaining organ function and ultimately survival, de-
pends on rapid and accurate assessment of the intravascular vol-
ume status in these patients (3).

One method of evaluating intravascular volume utilizes mea-
surement of hemodynamic response to a fluid challenge. A fluid
challenge is the infusion of a defined amount of fluid over a
defined period of time. The response to the infusion may be
monitored by clinical parameters such as blood pressure, pulse
rate, or urine output or by invasive measurements such as central
venous pressure or pulmonary wedge pressure. The volume sta-
tus of the patient in response to the fluid challenge may then be
assessed by the criteria of Weil (3) or Gill and Long (4) (Table 1).

The present study was performed to determine the phys-
iological patterns of response to rapid infusion of 250 mL of a
colloid solution (Plasmanate, Cutter Biologicals) in critically ill
surgical patients.

Materials and Methods

A 250 mL colloid fluid challenge was performed in 50 pa-
tients in the Surgical Intensive Care Unit at Henry Ford Hospi-
tal. All patients were monitored with pulmonary artery catheters
and arterial lines. No blood transfusions and respiratory or med-
ication changes were implemented during the study period.
Baseline cardiovascular and oxygen transport variables were ob-
tained (T,). The 250 mL colloid solution was infused rapidly
over five minutes. Cardiovascular and oxygen transport param-
eters were measured immediately after the infusion (T;) and re-
peated after five minutes (T,y). The following parameters were
measured in each patient at T, T, and T ;: blood pressure, heart
rate, pulmonary artery pressure, pulmonary capillary wedge
pressure (PCWP), central venous pressure (CVP), cardiac out-
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put (CO), hemoglobin, inspired oxygen concentration, mixed
venous and arterial gases, and body surface area. The followmg
variables were devised using standard formula: mean arterial
pressure (MAP), mean pulmonary artery pressure (MPAP),.,.

stroke volume and index, cardiac index, right and left stroke '

work index (RVSWI and LVSWI), systemic vascular resistance,
pulmonary vascular resistance, arterial venous oxygen content
difference, oxygen delivery, oxygen consumption, and shunt.
Hemodynamic patterns in response to the fluid challenge were

identified based on a 10% change from baseline values. i

Results -,

Ages of the 50 study group patients ranged from 16 to 84 years
with an average of 47 years. There were 40 males and ten
females. Of the 50 patients, 42 patients (84%) had undergone

.

i

..

surgical procedures. Thirty patients sustained blunt or penetrat- s‘

ing trauma. Thirteen patients were septic from peritonitis, soft

tissue infections, or meningitis. The remaining seven patients ]

included three patients with carcinoma, two patients who had
undergone craniotomy, one patient with hemorrhagic pancre-

- . . . - - (
atitis, and one patient with a gastrointestinal bleed. The severity |

of illness was apparent from the mortality; 20 of the 50 patients
(40%) died during their hospitalization.

Baseline (T,) cardiovascular and oxygen transport data for the
50 patients are summarized in Tables 2 and 3. A wide range of
values existed for each parameter. Only three (6%) of the 50 pa-
tients experienced shock with an arterial pressure less than 100
mm Hg: one patient with a fractured femur from blunt trauma
and a hemoglobin of 6.3 g%, one with a gunshot wound to the
abdomen requiring a pancreatico-duodenectomy with a hemo-

1

globin of 11.4 g%, and another with peritonitis with a hemo-

globin of 9.4 g%.

With the fluid challenge in these 50 patients, a slight increase
occurred in the mean values for MAP, MPAP, CVP, PCWP, and
CO while a slight decrease occurred in heart rate (Table 2). NO
change occurred in the calculated parameters (Table 3). Al-
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Table 1
Standard Volume Challenges
q
" Gill and Long’s Volume Challenge
Rapid Infusion 200 mL Colloid (15 minutes) Weil’s Fluid Challenge
CVP* HEART RATE MEANING CVP <8 Rise in CVP = 5
Give 200 mL/10 min ~ Stop
Low or decrease Increase Hypovolemia CVP < 14 Rise in CVP 2-5
Give 100 mL/10 min ~ Wait 10 minutes
f Repeat CVP
Low Same Correcting hypovolemia
Increase to normal ~ Same or decrease Correcting hypovolemia
Increase to normal  Increase Hypervolemia, cardiac failure CVP = 14 Rise in CVP <2
1 Give 50 mL/10 min Repeat challenge
" Increase Same Hypervolemia, cardiac failure PCWPT < 12 Rise in PCWP > 7
‘{, Give 200 mL/10 min ~ Stop
( Increase Increase Hypervolemia, cardiac failure, PCWP < 16 Rise in PCWP 3-7
cardiac tamponade Give 100 mL/10 min ~ Wait 10 minutes
Repeat PCWP
; PCWP > 16 Rise in PCWP < 3
1, mixed Give 50 mL/10 min Repeat challenge
ollowing |
i 3 y *CVP = central venous pressure.
1 arterial FPCWP = pulmonary capillary wedge pressure.
(MPAP),
ft stroke
sistance,
n content
nd shunt. Table 2
nge were Hemodynamic Parameters Measured During Fluid Challenge
5.
Total Group Hypovolemic Normovolemic Hypervolemic
(50 Patients) (30 Patients) (15 Patients) (5 Patients)
Measured Parameters M + SD* M = SD M *= SD M = SD
) 84 years T, T
s and ten Mean arterial pressure 96 + 18 97+ 18 97+18 88+ 19
Heart rate 105 =21 107 =20 106 + 26 95+17
dergone
En & Mean pulmonary artery pressure 208 209 206 197
Pe‘netrat- Central venous pressure TT£3.9 1.6x3.5 7.5+4 9216
nitis, soft Pulmonary capillary wedge pressure 9.3+6 9.3+£6.6 9+6 10+6
n patients Cardiac output 7+2 T2 8+3 9+45
- who had Hemoglobin 1124 10.7 +2 11.4+3 12.1£2.7
c pancre- Inspired oxygen concentration 0.47+0.19 0.50+£0.22 0.42+0.9 0.4=+0.1
p > Mixed venous saturation 0.69 +0.91 0.69+0.8 0.68 +0.1 0.69 +0.1
1 SCVELEY Arterial saturation 0.97+0.2 0.97+0.3 0.97+0.3 0.97+0.1
() patients ,
P Tsk
corth Mean arterial pressure 99 + 16 98 = 16 101 = 16 97+ 21
lata fort ‘; Heart rate 102+ 19 103+ 17 105 = 25 9247
e range 0 Mean pulmonary artery pressure 23+9 23+9 2247 26+ 11
the 50 pa-§ Central venous pressure 9.5+5 9.4+6 9£5 12+6
s than 100 Pulmonary capillary wedge pressure 12+6 12+6 11+4 148
int trauma | Cardiac output 8+2.6 8+2.5 8.5+3 7+3
yund to the Mixed venous saturation 0.70+0.8 0.70+0.6 0.70+0.1 0.66 +0.1
h a hemo- Arterial saturation 0.97+0.2 0.97+0.2 0.97+0.2 0.98+0.1
[h a hemo- T|n§
Mean arterial pressure 99+ 19 100 + 21 99+ 16 89+ 19
ht increase Heart rate 103+ 19 10317 106 + 24 98+ 13
‘) d Mean pulmonary arterial pressure 23+9 24+ 11 22+6 25+10
PCWP, an ' Central venous pressure 95 85x5 9+£5 1327
able 2). No Pulmonary capillary wedge pressure 125 11 %5 12+4 13 £7
ble 3). Al Cardiac output 8+2.6 8+2.4 8.8=3 7424
Mixed venous saturation 0.69+0.8 0.70+0.7 0.69 +0.94 0.66 +0.1
= Arterial saturation 0.97+0.2 0.97+0.3 0.96 + 0.3 0.98 +0.6
*Mean + standard deviation.
G ‘tBaseline.
ary Ford Hosp® {Postinfusion.
§Five minutes postinfusion.
tus— Horst et al H‘"’y Ford Hosp Med J— Vol 34, No 2, 1986 Assessing Volume Status—Horstetal 91
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Fig I—Mean central venous pressure (mm Hg) plotted over time

for three response patterns to fluid challenge.

though changes in parameters were observed with each indj.
vidual patient, comparison of the mean values of all patientg
showed little change because of the wide range of values for each
parameter.

Three response patterns were seen when CVP, PCWP, Cay
LVSWI, and oxygen delivery were graphed or plotted againgt
time (Figs 1 through 5). The cardiac output either increased, de-
creased, or remained the same. The mean values (Tables 2 ang
3) of 30 (60%) of the 50 study group patients for CVP, PC i /
CO, LVSWI, and oxygen delivery in response to fluid challen, 10
are represented by the squares in Figs 1 through 5. The response
pattern of cardiac output, left ventricular stroke work index, ang
oxygen delivery seen in these patients was termed hypovole
ie, fluid should improve the cardiovascular and oxygen-de
dent variables.

The response patterns seen in 15 (30%) of the 50 study gr
patients are represented by the circles in Figs 1 through 5. Ba
line values for blood pressure, pulse, hemoglobin, and cardj
output were not significantly different from those in the hypo-

pONSse to
NOWS litt
,and
olemi
Table 3 Values
Hemodynamic Parameters Calculated During Fluid Challenge de[lllgj
1d Cha
Total Group Hypovqlemic Normovglemic Hypervplemic s 1 th
(50 Patients) (30 Patients) (15 Patients) (5 Patients)
Calculated Parameters M + SD* M *+ SD M + SD M + SD peal
ith flu:
Tof
Stroke volume index 42+ 14 35+12 43+ 14 5222 sc u
Cardiac index 421 361 44+13 S5+2
Right ventricular stroke work index 8§+4 6+4.5 74 6.7 %3
Left ventricular stroke work index 50 +20 42+ 18 5320 5523 i i
Systemic vascular resistance 1006 + 610 1171 £ 651 909 = 253 799 = 282 ] Th? u
Pulmonary vascular resistance 129 + 88 146 = 106 121 = 88 98 =71 ©88 11 (
Oxygen content difference 4.4=*1.1 4+0.9 45=x1.1 5.31£2.5 itati
Oxygen delivery index 651 =211 535 + 166 692 =202 860 + 484 ﬁmher f1
Shunt 0.17 £0.10 0.17+0.10 0.16 +=0.01 0.17x0.15 fluid los
Tst . ®  Overhyd
Stroke volume index 43+ 14 43+ 15 44+13 44+ 15 B ma
Cardiac index 43+13 43+1.3 44+13 41 Y
Right ventricular stroke work index 7.8+4 8§+4 79+4 85 km Ut
Left ventricular stroke work index 52+20 51 =21 54+19 49+ 16 - In these
Systemic vascular resistance 970 + 407 974 +472 037272 1041 + 388 - oceur if
Pulmonary vascular resistance 125 > 83 129 + 85 107 =61 152+ 124 ¥ Advs
Oxygen content difference 44+1.2 431 43+1.2 S55+2 % ad pul
Oxygen delivery index 655213 632 + 195 687 + 212 696 + 335 o
Shunt 0.17£0.10 0.17+0.1 0.17£0.01 0.13+0.10 - Measur
T8 Tameter
10
Stroke volume index 42+ 14 41=14 4413 4112 " doct
Cardiac index 4211 41%1.1 4.6+1.4 41 - Measur
Right ventricular stroke work index 8+45 8§+45 8+4 TE3 - Pressur
Left ventricular stroke work index 50+20 50+20 54 +20 43+ 18 the
Systemic vascular resistance 1006 = 315 1071 =750 906 + 299 917 = 280 Th
Pulmonary vascular resistance 129 =97 141 =96 99 + 50 147+ 113 g F
Oxygen content difference 44212 4+09 4=1 5.4+2 ) fol
Oxygen delivery index 651 =240 620 = 189 704 + 220 682 + 313 o dete
Shunt 0.18+0.1 0.19+0.10 0.17+0.01 0.14+0.11 'Mure

*Mean + standard deviation.
TBaseline.

+Postinfusion.

§Five minutes postinfusion.
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Fig 2—Mean pulmonary capillary wedge pressure (mm Hg)
plotted over time for the three response patterns to fluid challenge.

yolemic patients (Table 2). However, the cardiovascular re-
sponse to fluid challenge in these 15 patients (Figs 1 through 5)
shows little change in cardiac output, left ventricular stroke in-
dex, and oxygen delivery (Table 3). These patients were termed
euvolemic or normovolemic.

Values for the remaining five patients who underwent fluid
challenge are shown in Tables 1 and 2. The response pattern to
fluid challenge in these patients is represented by the triangles in
Figs 1 through 5. These patients were termed hypervolemic
since cardiovascular and oxygen delivery patterns decreased
with fluid challenge, indicating a failing cardiovascular re-
sponse to fluids.

Discussion

The intravascular volume status is especially difficult to ac-
cess in critically ill surgical patients because of previous re-
suscitation and fluid loss. These patients may be hypovolemic
either from their disease, insufficient resuscitation, excessive
fluid loss, or hypothermia. However, the surgical patient may be
overhydrated, ie, hypervolemic from aggressive resuscitation,
or may appear overloaded due to a failing cardiovascular sys-
tem. Unfortunately, the blood pressure, pulse, and urine output
in these patients may be misleading (2). Errors in therapy may
occur if treatment is based on these measurements.

Advances in invasive monitoring with central venous lines
and pulmonary artery catheters have provided invasive pressure
measurements. Clinical observation of the trends of these pa-
Iameters over time as in response to therapy allows the physician
{0 document cardiovascular function and fluid status. These
measurements are used as a rough estimate of preload of filling
Pressure for the heart: the CVP for the right ventricle and PCWP
for the left ventricle (5.6).

The fluid challenge proposed by Weil (3) and Gill and Long
@) follows the response of the CVP and PCWP measurements
W0 determine intravascular volume status (Table 1). This pro-
Cedure assumes that intravascular volume can be defined in
terms of the relationship between preload and cardiac perfor-
Mance (Frank Starling law) and that changing the preload will
affect cardiac performance (7).

"kmy Ford Hosp Med J—Vol 34, No 2, 1986
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Fig 3—Response to cardiac output (L/min) during rapid fluid
challenge.
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Fig 4—Three response patterns of mean left ventricular stroke
work index (g-m/m?) during fluid challenge.
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Fig 5—Oxygen delivery index (mL/min/m?) plotted over time
during rapid fluid challenge.
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Although changes in CVP and PCWP have been used to de-
fine preload, recent evidence suggests that this assumption is not
always reliable (3-5). Both pressures are affected by cardiac
function, pulmonary disease, body habitus, equipment prob-
lems, and increasing intrathoracic pressures (5,6). If these pres-
sures do not adequately reflect preload, a different parameter or
parameters must be defined to follow rapid fluid administration.
In this study the actual volume status of the 50 patients was un-
known prior to fluid challenge. Based on a 10% change in pa-
rameters, we observed three cardiovascular response patterns to
rapid fluid challenge. Cardiac output and oxygen delivery in the
30 patients represented by the squares in Figs 1 through 5 did
improve with fluids. The patients responded to the fluid chal-
lenge with increases in the cardiovascular and oxygen transport
variables over a five-minute period which returned toward base-
line levels by ten minutes. In this manner the patients behaved as
if they were hypovolemic, and improvement in oxygen delivery
could be expected with increasing fluid administration. The five
patients represented by the circles in Figs 1 through 5 responded
as if they were hypervolemic, ie, fluid overloaded, or had a fail-
ing cardiovascular system because the cardiac output and oxy-
gen delivery decreased with the fluid challenge. In this group of
patients ionotropic or vasodilator therapy or diuresis may help to
improve oxygen transport. The response pattern represented by
the triangles in Figs 1 through 5 is a minimal response group of
15 patients. Ionotropic agents may be useful in this group as well
to improve cardiac output and oxygen delivery.

This method of fluid challenge differs from those described
by Weil and Gill and Long (Table 1) in that it allows definition of
the cardiovascular response and oxygen transport function
rather than relying strictly on increases in CVP or PCWP. The-
oretically, an actual observance of cardiovascular response and
oxygen transport function gives more complete information
about the patient’s physiological status and therefore should be
more reliable. With this additional information, therapy can be
rapidly individualized.

In this study we utilized rapid fluid challenge and followed the
response by monitoring changes in the cardiovascular and oxy-
gen transport variables. Three response patterns were found: 1) a
hypovolemic response pattern in which the patients responded
with increased cardiovascular and oxygen transport variables
over five minutes which returned toward baseline levels by ten
minutes; 2) a normovolemic response in which variables were
relatively unchanged; and 3) a pump failure response where both
oxygen transport and cardiovascular parameters decreased with

94 Henry Ford Hosp Med J— Vol 34, No 2, 1986
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the fluid challenge. We found this method of fluid challepgs
useful in our patient population because it provided a rapid eva)
uation of cardiovascular function and defined the fluid stag,
The additional information obtained allowed us to categorizga
our patients into three groups for rapid therapy and avoid ths
hazard of relying on a single pressure measurement.

Judith J

Notation
Parameters Units
Mean arterial pressure mm Hg
Heart rate beats/min
Mean pulmonary artery pressure mm Hg E i
Central venous pressure mm Hg
Pulmonary capillary wedge pressure mm Hg .
Cardiac output L/min ‘ k.
Hemoglobin g/100 mL i, s
Inspired oxygen concentration % E ;
Mixed venous saturation %
Arterial saturation % 4
Stroke volume index mL/m? hE
Cardiac index L/min/m?
Right ventricular stroke work index g'm/m?
Left ventricular stroke work index g'm/m?

dyne-sec/cm-m?
dyne-sec/cm-m?

Systemic vascular resistance
Pulmonary vascular resistance

Oxygen content difference mL/100 mL
Oxygen delivery index mL/min/m?
Shunt %o
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