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ABSTRACT

Background: Sepric shock continues to be a diffien!t entity to teat. Multiple factors
play a vital tole in the altimaic culcome of a pationt m sepbic shock. Vaolume
resuscifation has besn one of the most imporae: Gewrs in the resuscitation of a paticnt 1n
septic shock. Ovwer the decades volume has been assessed as en inferred value [rom
mualtiple invasive and non-mvasive manitoring paramerers.  With the advent of the new
BV A 100 machine, accurate blood volune measurements are no onger an inferred value.
Aim: Compare owcome in patients in septic shock, between patients who remained
hypovolemic and those who were nommovolemie ar hypervolemic toward the end of
resuscilation as determined by the intensivist, using the BYA100 machine.

Materials and Methods: Serial blood volume measurements were done in 40 patients
admited to the Surgical and Medical 1CU s using the BYA100 machine, after IRB
approval and patient consent was obtained. f he instument was used (o conjunction with
a special patented syringe, which delivers a preeise, quantitative injection of Albumin
tagged 1-131 isotope 1o the patient Blood samples were taken ar regular intervals and
Total blood volums (TBVY, Plasma Vohune und red cell volumes were caiculated.  aH
patients were classifed wecording w the APACUE I seventy of discase ciessification.
Height, weight, age, sex, Blood pressure, hematocrit, fluid and elecirelyte bafaues, DUN.
Creatinine, duration of sty in ICU and use of vasscpressors were considered in our
stedv, 20 patients with septie shock 1;v..ren&'. selected mandomly as a control group. 1n the
stady group blood volumes were mensured an averape of 3(2-3) times in each patient
using the BVALQG, Volime stzrus mamipulation was lefi to the discretion of the

Intemsivist.
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Results: Daticnt agc (27-23 year.) with o medion of 75.3 vears, 28 males and 12 females,
APAUCHFE I scores fanged [rom 8-30 with a mean of {7.875. Of the forty patienws 23
remained hypovalemic, seven were hypervolemic and eight patients wore normovelemic
towards the end of resuscitation, Four patients died in the JCL and all four patrenis were
from the hypovolemic group. Average ICU stay for the hvpovolemic group was 123
days, Normovolemic group was 12.8 days and hypervolemic group was 132 days.
Conclusion: Our study showed that thers was a gignificant difference in the mortality
belween paticnts’ whe feil in the hypovolemic group towards the ond of resuscitation and
the normovoiemic group and hypervolemic group. However the study did not show any
siarificant difference in the length of [CU stay for the three groups of patients. Early
resuscitation with serial blond volume monimoring can help the intensivist optimize

reatment for individual patients based on their respective ¢o-morbid conditions

L3



INTRODUCTION

The scplic shock svadrome and its scquelac continue to be a significant health care
challenge for the next millennium. There are 300,000 1o 500,000 episodes vl sTpsls sach
vear in the USA (L} and the incidence seems to be on the rse (2), despile our current
knowledge and recent advances in the pathophysiclegy of this complex medical problem.
The reasons for this rise are multifactorial and scptic shock as a result of sepsis s the 13"
mast common cause of death in the USA. It is also one of the most common causes of
death in the non-coronary ICU's (2). The estimaled cride mortzlity rate is around 50%,
but it ranges widcly Letween 8-90% (3. 5). The cause of sepus shock is ot clear
Extensive research has been locused on finding a specifie toxin as prime cause fur ssplic
shock. The role of blood volume in septic shock has not been clear and it has been very
difficult to assess the volume status of individual septic sheck patients. The degrec to
which hypoveicmia is the primary factor can be very confusing. A major problem has
been the diffficulty of accurately and rapidiy assessing the Blood Volume status of sepiic
patients. Patients with septic shock are neeasionally wreated with large guantities of
crvsizlioid in the (st 24 howrs (4, 6). Currently zhere are a mumber of tools in use that
help the intensivist deal with thus compiex problem. including invasive and nou-iavasive
forms ol monitoring which are used indirectly to evatuate the Blood volume statis. (7, ).
A rapid and an accurate method of blood volume measurement has recently become
available 1hat recently has beer compared with invasive and non-invasive methods of

monitoring, (9.



Our aim with this sindy was to compare the outcome of septic shock panents in relation
to the volurne status toward the cnd point al the resuscitation, Outcomes were compared

using twe paramcters: mortalily rare and lengih of siey in e 1ICUL
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PATIENTS AND VETHODS

The study was performed ac Lutheran Medical Center in Brooklyn, New York. After
approval of the experimental protocol by the Instimidonal Review Bosrd, written
informed consent was obtained from the study patients.

Inclusion criteria were: Septic shock patients with classical features such as fever,
kypotension, positive blood cilnwes and palienis oider than 18 year admitted to the
Medical ar Surgical Tntensive Care Units. PAC insertion and an APACHE I [Acute
Physiclogy and Chronie Health Fwaluation} score of 8-30. mean of !7.3. Exclusion
criteria were: pediatric parients, hemodynamically normal patients. pregnant, and
ariticully ill patients that were managed in an ICU] serting -without the use of a PAL
catheter,

The weight {in pounds) and height {in inches} of cach of the individualz from the study
group was obiaiped for farther calculatior of the ndividual™s novnal pedicrsd blood

volume as a fupetion of the patient’s body weighr devistion Irom ideal weighl (16, 17).

Blood volume meastiremeni:

In 1998, the Federal Drug Admintstration (FDA) from United States clearec for
marketng the Daxor Blood Valume Analvzer (BVA-100), the drst of its type. which
ulilizes 2 pre-calibrated s=2 of standards and injectate in conjunction with & counting
instrument that sigrificantly simplities the performance of a blood volums measurement

using dilutior and distribution priocipal. Pieture 1
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Blood volume measnrements were dore on all patients. The process starts with the
placement of a saline lock into one of the reripheral veins, and subsequen: collection of
an infdal blood sanpie {5 cc). Separate venous access must be obtained to inject a precise
amount ¢f radicactive matetial using a pre calibrated pstented syringe (Mux100) Uwr
Zelivers | ec of I 1agped albumin (15-23 microcuries). The time of e injection of the
radipactive albumin was meurded. Venous sanples were collected af approaximatcly 12,
18, 24, 30, mad 36 winutes after the Injeetion, Tac actual ¢ollection timea were enterad
mnfe the BV A-100, Picture 2

[lematocrit mcasurements were  performed in doplicate wsmg 2 HomatoStut
mierchematocrit centrifizge fromt STI Techuology, and these vilues were alao enrered intn
the BVA-100, After obtaining the microhematocrit, blood samples were centrifuged at
FO00 rpm x 2 pprnutes using a Baxter Star 60 Centrifige. Alter separation. 1mi from the
plasma nr each <ample was pipetted inio the sample tube then placaed inic the BV A-100.
All samples were pippeted in dupicate and counted in duplicate. The use of muitiple-
point sampling permits the calvulation of the mixing tdme and ihe rate of races
transudation. The BVA-100 calculates the nevmal blood volume from the ideal height
weight svstem (13). This svstem climinates the systemic errors which occurs when
wtilizing norms hased on fixed BY: body wt ratia or BV/ surface ratios. Tac BV A-100
compules the mean body hematoerit (210), piasma packing factors (21 and anticoaguian?
dikation factor as part of the final results. By extrapolating o zerc time, a true
instantancous ar zero time blood valume can be caleularsd as weli as plasma and red cell
volume componenis. [ndividusls stzndard deviatons were computed tor each blood

volume measmwement and averaged ifess than 3%, The degres of hvpervolemia or



Avpovelemia was ranked according to the nerecntage of deviotion from 1.ha. idenl kloed
velume calculated fot that specific patient.

The following scale was used: 8% i= considered mormgl, +9-16%W mild, =17-24%
moderate, £35-32% severe, and <>32% exfreme hypo or hypervolemia. Tahlel
Prefiminary results werc available within iwenty minutss and the final results within 35-
45 minutes. The blood volume measurements are acouraie tn approximately = 2.5%. The
syslein peninils =asy recogniion of individual sampling orror or techmical error in
preparing the samples. The system is unigue for biood volume measurcment because it
producss more rapid resufts with a higher degree of accuracy for both plasma ana red ceil

volume than previously available.



RENSULTS

Farty LCU! patients, 28 males and 12 females aged 27-93 wvears (median aue = 77.3
vears)(Graph 1) were included i the study done berween Tune 1998 and Aprii 2000,
Aggressive therapy with fluids was initjated in these patients as soan as the bedside
diagnosis was established {2). Toward the end point c-f resuscilalion the patient found
with variable volume status inspite of sgaressive therapy and fluid and blood produet
man.ipulatiﬁn, guided by the intensivist in the [CT, Table 2

The mortality rate in the hvpovolemic group was 16% (4 patents) as compared to
mortalisy in the hyper and normovolemic proup, which was 4%, Table 3

The average hospital stay for patients who were hypovalemic was 12.6 days (5D-6.6) vs.

12,8 days for patients were hypervoleric and {13.2) who were normovolemic,



DISCUSSION

Fhid sdministration to maintain biood pressure and to prevent hypotension and
hypoperfusion has been a significant part of therapy in septic shock patients (6) but not
necesserily a primary focus. [n this series carrection of documented hypovolemia was a
piimary goal. Adequate volume replacement is extremely difflcult to evaluate in patients
with seplic shock (10). The avalabiiity of a rapid and accurate method for assessing
blood velume mede it possible to more accurately evaluate volume status at the
beginning of fluid therapy ind the result of aggressive fluid therapy on volume status.
The hemodynamic status of these criticaily il paticnis was monitored by the 1CU reams
using common variables such as vital sigms and siandard laboratory values, as well as
ipvasive and noninvasive forms of menitoring such 25 pulmonary arierv catheter.
Howewver, these comumon parameters are indirect reflections of the tluid vojume status
because of the muitiple secandary compensatory mechanisms that maintain homeostasis
73, 103 Rlood vobume measurement with the BV A-100 methad ts a mapid and rcliable
indicatar of the volume staiug (9. 113

in our study aroup of 40 patients there wes a 16% mortality mte among the pariznts who
remained hypovolemic despite agoressive therapy. We holieve this to be ans of the
lowest reported morality death tates 0 a series on sephc shocle The most significant
finding was a mortality rate of 0% in the cther suberoups who were treated to the point of
norne or mild hvpervolemia. Therapy aimed st restoring nommal blood volume was
strongly correlatad with survival This study suggests that colbapse af the blood volume is

a major factor agsociated with mortality in septic shoek. Unidandfied toxins mav plav a
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sigmificant role in altering canillary permeability leading to a cclla.p-s.l: of vascular
volume Despite aggressive fluird therapy some patients remained hvpoveolemic. These
petents may have alterod capillary permeability which may cause extra vascular Auid
shift and edema formartion. The 8V A-100 compules the ‘ransudation time of albuminated
[**" within the vascular system. This may be a useful measure of altersd permeability,
however forther evaluation of this measurement 1s needed.

With regard fo the duration of stay i the ICU, we found that there was no statistically
significant differcnce berwsen the patients who remained hypovolemic and those who
remained normovolemic or hypervalemic toward the end point of resuscitation. No
foltow wp was dore post ICU stay. The length of stay & the ICU for our study group
{vpovolemic patients 124 dave, 128 dave fior hvpervalemis patients, and 13.2 davs for
normovolemic patfents) is not significantly different from the values published in tho
lilerature faverage of 16.5 days) (12),

The significance of mortality foumd in the hypovolemic group 1o this study need e be
veqified by Farther studies with a larger sludy group and stratifving the various coexistent
morbid conditions in the study ponulation. No follow up was done post ICL stay in this

study and so meortaliry ourside the ICT setting has not been taken imo account.



CONCLUSIONS

Survival in septic shock strongly correlates willl suceessfid restoration of blood volume.
Many patienrs with septic shock remain hypovolemic despirz aggressive volume
replacement. The amount of fluid infused does not necessarily correlac with the
subgequent vejume status of the patient. Repeat BV measurement was important in
aveluating the effeetiveness of the roplacement therapy. Carrection of 'nlrmﬁ valume
defeeit 40 normovolemie or mild hypervolemie levals in septic shock resulted in wern
deaths in thes study The group that had partially corrected Blood Volume alse had a
significanily lower death e thap wsually repomed for soptic shock. Fluid or blood
administration with the aim of achieving nermovolermis s shoagly cocelated with

survivel of patients in septic shock.
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Table 1: Criteria used for definition of volume status
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i
Volume Status

Percentage |

No of Patienis
Hypovolemia 25 62.50%
Noermovolemia 8 20%
Hypervolemia 7 17.50%

Table 2:- Yolume statis ar the end of resuscitation
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INo of Patients

‘Volume Status Survival %
'Hypovolemia 21 B4 %
Normovolemis ‘ 8 100%
Hypervolemia i| 7 100%

Table 3:-Percentage of survival in diflerent Bloud volume groups.



[# Median Age]

Grapn i: The distribution of ape in different volumne groups
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