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A
bout M

asim
o

M
asim

o (N
A

SD
A

Q
: M

A
SI) is a global leader in innovative noninvasive m

onitoring technologies. O
ur m

ission is 
to im

prove patient outcom
es and reduce the cost of care. In 1995, the com

pany debuted M
asim

o SET®
M

easure-
through M

otion and Low
 Perfusion™

 pulse oxim
etry, w

hich has been show
n in m

ultiple studies to significantly 
reduce false alarm

s and accurately m
onitor for true alarm

s. M
asim

o SET®
 has also been show

n to help clinicians 
reduce severe retinopathy of prem

aturity in neonates, im
prove C

C
H

D
 screening in new

borns, and, w
hen used for 

continuous m
onitoring w

ith M
asim

o Patient SafetyN
et™

* in post-surgical w
ards, reduce rapid response activations 

and costs. M
asim

o SET®
 is estim

ated to be used on m
ore than 100 m

illion patients in leading hospitals and other 
healthcare settings around the w

orld, and is the prim
ary pulse oxim

etry at 17 of the top 20 hospitals listed in the 
2017-18 U

.S. N
ew

s and W
orld R

eport B
est H

ospitals H
onor R

oll. In 2005, M
asim

o introduced rainbow
®

 Pulse 
C

O
-O

xim
etry technology, allow

ing noninvasive and continuous m
onitoring of blood constituents that previously 

could only be m
easured invasively, including total hem

oglobin (SpH
b®

), oxygen content (SpO
C

™
), carboxyhem

o-
globin (SpC

O
®

), m
ethem

oglobin (SpM
et®

), Pleth Variability Index (PV
i®

), and m
ore recently, O

xygen R
eserve 

Index (O
R

i™
), in addition to SpO

2, pulse rate, and perfusion index (Pi). In 2014, M
asim

o introduced R
oot®

, an 
intuitive patient m

onitoring and connectivity platform
 w

ith the M
asim

o O
pen C

onnect™
 (M

O
C

-9™
) interface, 

enabling other com
panies to augm

ent R
oot w

ith new
 features and m

easurem
ent capabilities. M

asim
o is also taking 

an active leadership role in m
H

ealth w
ith products such as the R

adius-7™
 w

earable patient m
onitor, iSpO

2®
 pulse 

oxim
eter for sm

artphones, and the M
ightySat™

 fingertip pulse oxim
eter. A

dditional inform
ation about M

asim
o 

and its products m
ay be found at w

w
w

.m
asim

o.com
. Published clinical studies on M

asim
o products can be found 

atw
w

w
.m

asim
o.com

/cpub/clinical-evidence.htm
.

O
Ri has not received FD

A 510(k) clearance and is not available for sale in the U
nited States.

*The use of the tradem
ark Patient SafetyN

et is under license from
 U

niversity H
ealthSystem

 C
onsortium

.

H
ow

 Z
O

L
L technology helps

If a rescuer does not deliver com
pressions at an adequate depth, an audible and visual prom

pt to “Push H
arder” 

w
ill be initiated. O

nce proper depth is reached, it’s reinforced w
ith a “G

ood C
om

pressions” m
essage. ZO

LL’s 
professional defibrillators also display depth num

erically. 
The G

uidelines now
 recom

m
end a com

pression rate betw
een 100 and 120 com

pressions per m
inute for sternal/

m
anual C

PR
. A

 rate of at least 100 com
pressions per m

inute is necessary to achieve perfusion sufficient to support 
m

inim
al circulation. A

 rate that is too fast often results in inadequate depth or leaning. 
A

n easy-to-follow
 m

etronom
e beep helps rescuers achieve the correct rate. ZO

LL’s professional defibrillators also 
display the rate num

erically. 
R

eal C
PR

 H
elp®

 technology is built into the ZO
LL defibrillator electrodes, w

hich include a single-use soft sensor 
that gathers C

PR
 data and transfers it to the defibrillator. There are no extra pieces and nothing to rem

em
ber to add. 

Just place the electrodes and the R
eal C

PR
 help is autom

atically enabled. 
ZO

LL’s patented See-Thru C
PR

®
 technology filters the C

PR
 artifact so rescuers can see if an organized rhythm

 
develops, thereby m

inim
izing the duration of pauses. 

The G
uidelines em

phasize that rescuers should not lean on the chest during com
pressions. The full upstroke, or 

release of a com
pression, is necessary to allow

 the heart to fill for the next com
pression. W

hen rescuers fail to 
release the com

pression by not com
ing off the chest, pressure builds—

 m
aking C

PR
 ineffective. 

ZO
LL provides a release indicator that show

s the rescuer w
hether he or she is fully releasing and doing so fast enough 

to support filling the heart for the next dow
nw

ard stroke. A
 “R

elease Fully” prom
pt rem

inds rescuers not to lean. 
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For thousands of years herbal supplem
ents have been used in m

edicine to m
aintain or im

prove 
the health. N

ow
adays natural m

edicine is very popular. The consum
ption of herbal products for 

self-treatm
ent of any m

edical disorder is grow
ing. The benefits of som

e of them
 are w

ell know
n, 

but the variety of their side effects m
akes their use dangerous, especially w

hen they are used in 
com

bination w
ith other drugs. These plant products contain m

ultiple com
pounds and have the sam

e 
pharm

acokinetics and pharm
acodynam

ic principles as drug to drug interactions (1). R
ecent reports 

on anesthesia m
eeting (A

R
U

D
 2017) about uncontrolled bleeding during surgery and sudden death 

of victim
s consum

ing herbal supplem
ents im

posed the actualization of this problem
 (2).

In the anesthesia practice, the recognition of the use of herbal m
edicine is not routine and their 

adverse effects are unknow
n. Patients w

rongly believe that the herbal supplem
ents are alw

ays 
safe, thus avoiding to share prior to the operation this inform

ation w
ith their fam

ily, doctors and 
the anesthesiologists. In the standard anesthetics protocols, the routine inquiries of the patient 
about their self m

edications are m
issing. The contem

porary know
ledge of the influence of herbal 

supplem
ents to other drugs and any possible interactions w

ith m
edications used during anesthesia, 

highpoints the crucial im
portance of asking patients about self-m

edication (3). 
A

ll herbal agents have potentially unexpected effects including sedation, toxicity or im
pairm

ent 
of coagulation, that m

ay be influenced by age, gender or current therapy (4, 5). 
The goal of this short report is to rem

ind m
y colleagues anesthesiologists that the herbal 

supplem
ents are not placebo, and that they have m

any side effects. M
ost herbal drugs have good 

safety profiles, but they have unw
anted influence on anesthetic and surgical practice, w

hich m
ust 

be taken into consideration. The list of the used herbal supplem
ents is too long, but the presentation 

of several exam
ples is sufficient to support these findings.

In 2003, W
illiam

son EM
 reported about the hepatotoxic effects of kava or E

chinacea w
hen 

they w
ere taken w

ith other concurrent drugs (6). The popular herbs such as aloe leaf, guar gum
 

and senna, are often used for slim
m

ing. Their m
ain effect is laxative, producing m

any disorders 
in gastro intestinal tract such as: change of the intestinal pH

, affection of the intestinal m
otility 

and reduction of the absorption of the drugs (7). 
St. John’s W

ort (Cantarion herb) is an herb that is w
idely used in our country. Very few

 profes-
sionals know

 that this herb induces the production of the cytochrom
e P450 enzym

es and intestinal 
P-glycoprotein. A

s a result of this, its use leads to decreased absorption and reduced efficacy of 
the oral contraceptive pill or blood levels of w

arfarin, digoxin, protease inhibitors, theophylline 
and carbam

azepine (8). St. John’s W
ort used in com

bination w
ith other serotonergic drugs m

ay 
produce alteration in m

ental status, autonom
ic dysfunction and neurom

uscular abnorm
alities (9).

Som
e herbal rem

edies produce an increased inhibition of the production of the enzym
es w

hich 
can increase/ inhibit the therapeutic effects of som

e drugs (10). 
In 2011, Sarah Spiteri Staines in the Journal of the M

alta C
ollege of Pharm

acy Practice, re -
ferred that herbs m

ight produce a concurrent effect of the drug and give an increase in the drug 
effect (w

ithout increasing the am
ount of the drug) (11). 



N
um

ber 2. N
ovem

ber 2017  |  11  | 
|  10  | The herbs that have sedative, anticoagulant or antihypertensive properties are able to increase 
the effect of the drugs used during anesthesia. It is very im

portant to know
 that herbs such as: 

valerian, gingko, garlic and ginger can enhance the hypnotic activity and the anticoagulant action 
of conventionally used drugs as benzodiazepines and w

arfarin (12).
It can be concluded that herbal supplem

ents have influence over the m
anagem

ent of the sur -
gery and anesthesia. In general their use should be stopped a w

eek before the operation. Prior to 
surgery the patients m

ust be interview
ed about their self-m

edication. Even the use of green tea 
m

ay increase the bleeding during surgery. 
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ackground: H
em

odynam
ic stability is desired outcom

e of any anesthetic technique. 
Tachycardia, hypotension and hypertension can lead to perioperative m

yocardial infarction, 
and hypotension can lead to stroke. Spinal anesthesia in elderly patients provides stable hem

o-
dynam

ic profile. U
nilateral spinal anesthesia (U

SA
) has proven hem

odynam
ic stability. This 

study is aim
ed to explore the hem

odynam
ic profile of U

SA
 in elderly patients w

ith hyperbaric 
B

upivacaine and Levobupivacaine.
M

ethods and M
aterial: Elderly patients (over 65 years old), w

ho w
ere random

ized to uni-
lateral spinal anesthesia w

ith either low
 dose of hyperbaric bupivacaine or hyperbaric levo-bu-

pivacaine, w
ere analyzed for differences in block characteristics, safety hem

odynam
ic profile 

and other com
m

on side effects.
R

esults: 26 patients, average age 76.77±7.207 18 fem
ale and 8 m

ale, A
SA

 2 and 3, w
ho 

underw
ent surgery for hip fracture (56%

), other leg fracture (12%
), lim

b am
putation (16%

) and 
hernia repair (16%

) w
ere random

ized in tw
o intervention groups - G

roup I: U
SA

 w
ith hyper-

baric 5-10 m
g B

upivacaine in 7%
 dextrose+20m

cg Fentanyl and G
roup II: hyperbaric 5-10 m

g 
L-B

upivacaine in 7%
 dextrose+ 20m

cg Fentanyl. The tw
o groups w

ith com
parable dem

ographic 
characteristics had satisfactory surgical conditions w

ith m
axim

al Th10 sensory level for both 
groups; w

ith a consecutive stable blood pressure, low
 rate of significant hypotension (1 case 

group I and 3 in group II), stable heart rate and low
 incidence of nausea, pruritus and PD

PH
. N

o 
ST segm

ent changes w
ere observed in the perioperative period.

C
onclusion: U

nilateral spinal anesthesia w
ith low

 dose of hyperbaric bupivacaine or le-
vo-bupivacaine is safe and reliable technique for elderly patients.

K
ey w

ords: elderly, hem
odynam

ics, unilateral spinal anesthesia.
C

o
r
r
e
s
p

o
n

d
in

g
 a

u
th

o
r
: Jasm

ina Ilievska, U
niversity Clinic for Surgical D

iseases “St Naum
 

O
hridski” Skopje, e-m

ail: jasm
ina.ilievska@

gm
ail.com
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Introduction
H

em
odynam

ic stability is desired outcom
e of any anesthetic technique. Tachycardia, hypotension 

and hypertension can lead to perioperative m
yocardial infarction (1); furtherm

ore hypotension 
can lead to stroke (2). Elderly patients have increased m

ortality associated w
ith anesthesia and 

surgery (3). The decaying physiological functions lead to im
paired com

pensatory m
echanism

s to 
fight the surgical stress. Therefore, it is im

portant to adjust the anesthetic m
anagem

ent in elderly 
to preserve the hem

odynam
ic function and to prevent any perioperative conditions that can lead 

to m
ajor cardiovascular events. For that m

atter, neuroaxial anesthesia w
as proven to benefit the 

elderly reducing the overall m
ortality and the incidence of perioperative m

yocardial infarction (4).
Spinal anesthesia’s the m

ost feared side effect is hypotension, w
hich in its ow

n right is 
responsible for m

ore than half of the cases of m
yocardial ischem

ia com
pared to norm

otensive 
patients (5). Since its first use, this feared side effect has led to endless quests for the H

oly G
rail 

to m
odify the technique that w

ould deliver stable hem
odynam

ic profile. Spinal anesthesia is 
sim

ple, reliable, affordable, predictable, accessible technique for m
any surgical and gynecolog-

ical procedures. It has m
ore than century long successful clinical use. It is also proven in elderly 

patients w
ith hip fracture, to deliver m

ore stable hem
odynam

ic profile then general anesthesia 
(6). R

esearch show
s that the tw

o m
ain risk factors associated w

ith developm
ent of hypotension 

seem
 to be high sensory level and advanced age (7).

Selective spinal block on one side of the nerve roots has a fifty year old theoretical and practical 
research (8). For a successful case of selective spinal block it is necessary to use sufficiently low

 
anesthetic dose, difference in baricity of the anesthetic solution and the cerebrospinal fluid during 
lateral decubital position and sufficient tim

e for setting the block. W
hether hypobaric or hyperbaric 

solutions w
ere used, w

hat is com
m

on for any research so far is the positive outcom
e of stable hem

o-
dynam

ic profile, less hypotension and m
ajor cardiovascular and cerebrovascular perioperative events 

(9). The proposed m
echanism

 that explains the prevented hypotension is lim
ited pooling of the blood 

in the dilated veins and the contralateral reflexive vasoconstriction on the non-anesthetized side.
O

ur study aim
ed to explore the hem

odynam
ic profile of U

SA
 w

ith tw
o different local anes-

thetics: hyperbaric bupivacaine and hyperbaric levobupivacaine in elderly patients. The objective 
w

as to test the difference in efficacy to produce clinically relevant unilateral spinal anesthesia 
and safe hem

odynam
ic profile betw

een the different local anesthetics in elderly patients.

M
aterial and M

ethods
This study w

as perform
ed at the U

niversity surgery hospital St N
aum

 O
hridski Skopje in 2016, as 

a part of a bigger project aim
ed to investigate three different anesthetic preparations in unilateral 

spinal anesthesia in all eligible patients for spinal anesthesia, and their block characteristics as w
ell 

as side effects. The inclusion and exclusion criteria are corresponding w
ith the indications and 

contraindication for any spinal anesthesia. A
 group of 60 patients m

eeting the inclusion criteria 
w

ere random
ized in three groups, per 20 patients in each group. The sam

ple size w
as calculated to 

be sufficient to detect statistically significant difference in block height (tw
o derm

atom
e difference 

betw
een the groups), w

ith study pow
er of 80 and alpha error of 0.05 using Epi Info. G

roup I placed 
in lateral decubital position received intrathecally 5-10 m

g B
upivacaine 0.5%

 heavy (7%
 dextrose 

preparation) w
ith Fentanyl 20μg; G

roup II received 5-10 m
g Levo-B

upivacaine 0.5%
 heavy (7%

 
dextrose preparation) w

ith Fentanyl 20μg and group III received 5-10 m
g Levo-Bupivacaine 0.5%

 
heavy (3%

 dextrose preparation) w
ith Fentanyl 20μg [see diagram

 1].

D
iagram

 1. G
roup I B

upivacaine 0.5%
, preparation

I group
B

upivacaine 0.5%
 heavy (7%

 D
extrose)

D
osage

B
upivacaine 0.5%

 heavy (com
m

ercial preparation)
2 m

l
10 m

g
fentanyl

0.4 m
l

20m
cg

Total volum
e

2.4 m
l

B
upivacaine 0.5%

 heavy
1.5 m

l
7.5 m

g
fentanyl

0.4 m
l

20m
cg

Total volum
e

1.9 m
l

B
upivacaine 0.5%

 heavy
1 m

l
5 m

g
fentanyl

0.4 m
l

20m
cg

Total volum
e

1.4 m
l

II group
Levo-B

upivacain 0.5%
 heavy (7%

 D
extrose)

D
osage

Levo-B
upivacaine 0.5%

2 m
l

10 m
g

D
extrose 35%

0.6 m
l

210 m
g

Fentanyl
0.4 m

l
20 m

cg
Total volum

e
3 m

l
Levo-B

upivacaine 0.5%
1.5 m

l
7.5 m

g
D

extrose 35%
0.5 m

l
175 m

g
Fentanyl

0.4 m
l

20 m
cg

Total volum
e

2.4 m
l

Levo-B
upivacaine 0.5%

1 m
l

5 m
g

D
extrose 35%

0.4 m
l

140 m
g

Fentanyl
0.4 m

l
20 m

cg
N

aC
l 0.9%

0.2 m
l

Total volum
e

2 m
l

A
ll the patients w

ere prem
edicated w

ith diazepam
 according to body w

eight and pre-hydrated 
w

ith R
inger lactate 10 m

l/kg half an hour before spinal block according to their hydration sta-
tus and cardiovascular tolerance. A

fter standard m
onitoring (EC

G
, noninvasive blood pressure 

m
easurem

ent, SaO
2), patients w

ere placed in lateral decubital position, the spinal puncture w
as 

perform
ed w

ith Q
uincke spinal needle, size 25-26G

, at L3-4 level. O
nce free flow

 of cerebro-
spinal fluid w

as obtained and the needle bevel turned to the dependent leg, the rate of injection 
of the anesthetic preparation w

as kept at 1 m
l per 30 seconds. Patients w

ere held in the lateral 
decubital position until Th10 sensory level w

as reached, and then turned supine. In rare cases 
w

hen Th10 w
as not reached, patients w

ere turned supine after 20 m
inutes in lateral decubital 

position w
hen the sensory level block w

as sufficient to perform
 the operation.
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Patients w
ere tested for m

otor and sensory level by anesthetist blinded for the intervention 
group. Patients w

ere tested for sensory and m
otor block during lateral decubital position and after 

turning supine every m
inute. The sensory block after adm

inistration of U
SA

 w
as tested using 

discrim
ination of cold/w

arm
 sensation using 70%

 ethanol solution sw
ap along the m

id-clavicular 
line on both sides of the body and also pin-prick test for pain to determ

ine the m
axim

al sensory 
level reached. The tim

e from
 puncture until Th10 sensory level reached w

as recorded on the 
anesthesia station tim

er and noted in the Patient R
ecord Form

. A
lso the m

axim
al sensory level 

reached w
as recorded during lateral decubital position and after turning supine on both legs. 

U
nilateralization of the sensory and m

otor block w
as also recorded. Patients w

ere considered 
having unilateral spinal block only if they didn’t have sensory nor m

otor block to any level 
throughout the operation tim

e. M
otor block w

as tested using the M
odified B

rom
age scale, w

ith 
four levels of m

otor block (B
rom

age 3 – U
nable to m

ove feet or knee; 2 - A
ble to m

ove just the 
feet; 1 – Just able to m

ove knees; 0 – Full flexion of knees and feet). The sensory block and m
otor 

block regression w
as tested after the surgery in the postoperative anesthesia care unit. A

nd the 
tim

e from
 spinal puncture to sacral derm

atom
es block regression w

as recorded.
The hem

odynam
ic profile w

as m
onitored through ECG

 heart rate, noninvasive blood pressure 
m

easurem
ent on G

E D
atex O

hm
eda S/5 A

nesthesia w
ork station. The ST analysis w

as also used 
to record possible ST change during the surgery and in the im

m
ediate postoperative period. The 

heart rate, the systolic, diastolic and m
ean arterial blood pressure w

ere recorded on baseline, 
im

m
ediately after anesthetic adm

inistration (0 m
inutes) and every 5 m

inutes thereafter (0, 5, 
10, 15, 20, 30 m

inutes, end of operation) for every individual patient. A
bsolute drop of blood 

pressure, defined as drop to less than 60 m
m

H
g m

ean arterial pressure and relative hypotension, 
defined as drop to m

ore than 30%
 of the baseline blood pressure value w

ere recorded. U
se of 

vasopressors and/or colloid to treat the hypotension w
as recorded.

Side effects as nausea, vom
iting, postoperative post puncture headache and pruritus w

ere 
recorded as variables throughout the perioperative period.

The data from
 the Individual Patient Form

 w
ere transferred by the investigator into Excel 

table as num
erical variables.

The secondary data analysis w
as m

ade by sub-analysis of the group of elderly patients as defined 
as being over 65 years, regardless of the surgery. A

fter the data selection, the group w
hich received 

the 3%
 dextrose l-B

upivacaine 0.5%
 w

as excluded from
 the analysis due to low

 sam
ple size.

The statistical analysis w
as m

ade using statistical program
 SPSS Statistics 20 for W

indow
s. 

D
escriptive and analytical statistics w

ere used to test the hypothesis and present the data obtained. 
D

escriptive analysis (m
ean, standard deviation, m

edian, range, proportions) w
as used to present 

the results for patients’ dem
ographics (age, sex, A

SA
 status, baseline m

ean arterial pressure, 
hypertension at baseline, dose of the anesthetic used, total volum

e of the anesthetic solution, 
operation tim

e, intraoperative fluid volum
e), block characteristics of each group (m

axim
al sensory 

level reached, tim
e from

 spinal puncture to reach Th10 sensory level, tim
e from

 spinal puncture 

to regress to S2 sensory level, unilateralization at lateral decubital position, unilateralization 
after turning supine, B

rom
age 3 and 2 m

otor level at lateral decubital position, B
rom

age 3 and 2 
m

otor level after turning supine), hem
odynam

ic param
eters (m

ean arterial pressure at baseline, 
0, 5, 10, 15, 30 and end of surgery, relative hypotension, absolute hypotension, bradycardia, 
use of vassopressors, ST segm

ent change from
 baseline), and side effects (nausea and vom

itus, 
postpunctural dural headache and pruritus, stroke, m

yocardial infarction).
A

nalytical m
ethods used w

ere C
hi-squared test to analyze difference betw

een dichotom
ous 

data, A
N

O
VA

 test betw
een continuous data, W

ilcox test for categorical data and M
ann W

hitney 
test for continuous non-norm

ally distributed param
eters.

P less than 5%
 percent w

as considered statistically significant.

R
esults

Tw
enty six patients w

ere eligible for the secondary data analysis that m
et the inclusion crite-

ria, w
ith average age of 76.77±7.207 (range 65 to 90 years old), 18 fem

ale and 8 m
ale, A

SA
 2 

and 3 (26%
 and 74%

 respectively), w
ho underw

ent surgery for hip fracture (56%
), other leg 

fracture (12%
), lim

b am
putation (16%

) and hernia repair (16%
). The tw

o intervention groups 
have com

parable dem
ographic characteristics, age, sex, A

SA
 class, baseline M

A
P; also com

-
parable anesthetic dose used, total intraoperative intravenous fluids, operation tim

e (see Table 
1). The only significant difference is the volum

e of the anesthetic used w
hich can be explained 

by the difference in preparation of the anesthetic solution. A
lso it w

as deliberately chosen not 
to correct for the difference in volum

e used since it has been repeatedly proven that there is no 
difference in the spread of the anesthetic betw

een different volum
es w

hile the total dose is kept 
the sam

e (10). Therefore the difference in anesthetic volum
e betw

een the tw
o studied groups 

w
as expected outcom

e and one counted for. The profile of the type of surgery w
as also sim

ilar, 
w

ith predom
inance of hip fracture fixation (G

roup I - 47%
, and group II - 70%

), other low
er 

lim
b fracture (7%

 and 20%
, respectively), lim

b am
putation (G

roup I 27%
), hernia repair (20 

and 10%
, respectively). (See Table 1 for detailed inform

ation).

Table 1. D
em

ographic characteristic and baseline data for the intervention groups
B

aseline data
G

roup I (n=16)
G

roup II (n=10)
p-value

A
ge (m

ean±SD
,[range]), years

75.37±6.281, [65-88]
79.00±8.340, [66-90]

0.219
Sex (m

:f), %
73:27

70:30
0.856

A
SA

 class, I:II:III (%
)

0:23:77
0:30:70

0.708
B

aseline M
A

P, (m
ean±SD

), m
m

H
g

106.87±15.445
110.30±14.622

0.584
H

ypertensive at baseline (M
A

P>107m
m

H
g), %

47
60

0.513
A

nesthetic dose, (m
ean±SD

), m
g

7.812±0.8539
8.500±1.2910

0.114
A

nesthetic volum
e, (m

ean±SD
), m

l
1.963±0.1708

2.650±0.3028
<0.001*

O
peration tim

e (m
ean±SD

), m
in

83.08±29.447
71.50±33.916

0.391
Intraoperative iv fluid volum

e, m
l

1185.00±250.610
1220±238.281

0.753
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B
lock C

haracteristics
A

ll the patients had sufficient surgical condition to start the operation, and only one patient 
(out of 26), needed additional analgesia for closure. The m

axim
al sensory level reached in both 

groups w
as Th10, w

ith sim
ilar reach tim

e of the Th10 sensory block in both groups (9.13±4.893 
m

inutes [m
ean±SD

] and 8.70±5.355 m
inutes, group I and II, respectively).

Table 2. Block characteristics for the tw
o intervention groups

R
esults

G
roup I (n=16)

G
roup II (n=10)

p - value
M

axim
al sensory level (m

edian)
Th10

Th10
1

Tim
e to reach Th10, (m

ean±SD
, [m

in-m
ax]), m

in
9.13±4.893 [5-25]

8.70±5.355 [3-20]
0.836

Tim
e to regress to S2, (m

ean±SD
, [m

in-m
ax]), m

in
140.22± 39.36
[75-195]

147.00±47.621
[80-219]

0.752

U
nilateralization, lateral position (%

)
67%

60%
0.739

U
nilateralization, supine (%

)
53%

30%
0.259

B
rom

age class-dependent leg, lateral 3:2, %
53:47

80:20
0.182

B
rom

age class-dependent leg, supine 3:2, %
67:27

80:20
0.436

B
rom

age class, nondependent leg lateral 3:2, %
0:7

0:10
0.424

B
rom

age class, nondependent leg supine 3:2:, %
7:13

0:30
0.343

A
s show

n in Table 2, there is no statistically significant difference betw
een the intervention 

groups in the peak sensory level, tim
e to reach the Th10 sensory level, the regression to S2 level, 

and the m
otor block. A

lso unilateralization w
as com

parable betw
een the tw

o groups.

H
em

odynam
ic D

ata
O

ur results confirm
 the positive effect of unilateral spinal anesthesia on hem

odynam
ic sta-

bility and predictable hem
odynam

ics in elderly patients. Patients in group I w
ho experienced 

relative hypotension w
ere only 6.7%

, i.e. only one patient, and 30%
 in group II, or 3 patients, and 

in both groups none of the patients experienced absolute drop of m
ean arterial pressure bellow

 
60 m

m
H

g. In four cases the hypotension w
as easily treated w

ith colloid bolus and one patient 
also received m

inim
al dose of ethylephrine as vasopressor. There w

as no case of bradycardia.

Table 3. M
ean arterial pressure at baseline, 0, 5, 15 and 30 m

inutes after puncture for the tw
o 

intervention groups
G

roup I
G

roup II
p

M
A

P, baseline [m
ean±SD

], m
m

H
g

106.87±15.445
110.30±14.622

0.470

M
A

P, 0 m
inutes [m

ean±SD
], m

m
H

g
108.13±16.643

110.30±14.622
0.523

M
A

P, 5 m
inutes [m

ean±SD
], m

m
H

g
99.00±21.67

101.50±16.147
0.803

M
A

P, 15 m
inutes [m

ean±SD
], m

m
H

g
88.27±16.752

90.20±20.741
0.846

M
A

P, 30 m
inutes [m

ean±SD
], m

m
H

g
84.47±16.703

84.90±17.375
0.846

Side effects
There w

ere insignificant cases of the usual side effects of spinal anesthesia: one case of 
pruritus, one case of post dural puncture headache and one case of nausea.

D
iscussion

Elderly patients are vulnerable category of patients and it is prudent for m
any reasons to explore 

the specifics and create interventions and recom
m

endations that apply for their age group. The 
m

ortality rate associated w
ith surgery and anesthesia increases w

ith the increasing age. C
ardiac 

events have becom
e leading cause of death in the last few

 decades in the elderly surgical popu-
lation (11), contrary to the earlier reports w

hen pneum
onia and respiratory com

plications w
ere 

predom
inant (12). The perioperative period for the elderly patients should include evaluation, 

optim
ization of any preexisting conditions, m

aintenance of stable perioperative hem
odynam

ics, 
use of the least surgical invasive procedure, prevention of hypoxem

ia, hypotherm
ia and delirium

 
and effective postoperative pain control (3).

The use of regional anesthesia and neuroaxial anesthesia has protective value in the elderly 
patients and com

pared to general anesthesia (6); m
ay lead to reduction of the perioperative 

m
ortality in patients undergoing surgery w

ith interm
ediate to high cardiac risk.(13). M

aintaining 
stable hem

odynam
ic profile can be challenging w

ith the standard spinal anesthesia (14, 15) and 
efforts have been m

ade throughout the clinical and research history of the spinal anesthesia to 
m

odify the technique for m
ore desirable hem

odynam
ics. W

e choose to investigate the unilateral 
spinal anesthesia in our elderly patients, since it is easy to perform

, patients can be easily placed 
in position, high success rate and acceptable for the surgeon, patient and anesthesiologist. W

e 
also included the new

er, potentially less cardiotoxic anesthetic, levobupivacaine to com
pare 

already proven racem
ic bupivacaine. The less cardiac toxicity associated w

ith levobupivacaine, 
m

ake the sam
e attractive for cardiovascular challenged elderly patients.

The low
 dose of anesthetic insures less sym

pathetic block, and keeping the block lim
ited 

to the one side, potentially also induce contralateral vasoconstriction that prevent hypotension. 
M

any studies have confirm
ed the benefit of selective spinal block on the hem

odynam
ic stability 

(16). W
e found that unilateral spinal anesthesia provide stable hem

odynam
ic profile that pro-

tects the elderly patients in the intraoperative period. These findings are also supported in other 
studies (17).

W
e did not find any difference betw

een the studied local anesthetics in the block charac-
teristics, w

hich leaves the statem
ents of the less potency of the levo-bupivacaine, being m

ore 
isobaric than bupivacaine on body tem

perature, as theoretical, rather than clinically relevant (18, 
19). It is not expected that w

e can confirm
 the safety profile of levobupivacaine over racem

ic 
bupivacaine in such a sm

all dose that is used during U
SA

.
The tim

e to reach the peak sensory level w
as found to be sim

ilar in both groups and around 
10 m

inutes and turning the patients supine after that to prepare for surgery, w
e found to be 
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adequately safe and effective and also com
pared to previous recom

m
endations to keep the lateral 

position longer (15-20 m
inutes), unnecessary. C

om
pared to studies w

ith the 15-20 m
inutes of 

lateral position, w
e did not find difference in unilateralization after turning supine (18).

Supported by the findings of this study, w
e w

ould recom
m

end the unilateral spinal anesthesia 
w

ith low
 dose of hyperbaric bupivacaine for elderly patients undergoing one-sided surgery bellow

 
the um

bilicus over levo-bupivacaine, m
ore expensive option, w

ithout accom
panying risk. A

lso 
hyperbaric bupivacaine is com

m
ercially available as 0.5%

 bupivacaine in 8%
 dextrose and m

ixed 
w

ith opioid as adjuvant provides sufficient baricity to produce unilateral spinal anesthesia w
ith 

lim
ited peak sensory level. This study also supports turning the patient supine once the Th10 level 

reached w
ithout the unnecessary delay to 15-20 m

inutes as previously recom
m

ended. [18, 20].
W

hat rem
ains to be answ

ered is the question w
hether the total dose of anesthetic used is the 

protective factor against hypotension or the lim
itation of the block on one side; or the com

bi-
nation of the tw

o factors.

C
onclusion

U
nilateral spinal anesthesia provides stable, effective anesthesia for the elderly patients for the 

m
ost com

m
on low

er body surgeries.
Low

 dose of hyperbaric bupivacaine w
ith fentanyl as adjuvant is safe and reliable anesthetic, 

com
m

ercially available, that is suitable for unilateral spinal anesthesia w
ith no increased risk for 

cardiotoxicity due to low
 anesthetic dose used during unilateral spinal anesthesia.

The w
aiting tim

e can be safely shortened to the tim
e to reach the desired sensory level ap-

propriate for the surgery to turn the patient to the operating position.
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овед: Х
емодинамска стабилност на пациентот е посакувана при секоја анестетичка 

техника. П
ромените како тахикардија, хипотензија и хипертензија, мож

е да предизвикаат 
периоперативен миокарден инфаркт, а хипотензијата мож

е да доведе до мозочен удар. 
С

пиналната анестезија кај повозрасни пациенти резултира со стабилен хемодинамски 
профил. И

сто така, унилатералната спинална анестезија е докаж
ана техника со поволен 

хемодинамски профил. Н
аш

ето истраж
увањ

е има за цел да го прикаж
е хемодинамскиот 

профил на унилатералната спинална анестезија со употреба на хипербарен раствор на 
бупивакаин и левобупивакаин кај повозрасни пациенти.

м
етоди и м

атеријал: П
овозрасни пациенти (над 65-годиш

на возраст), закаж
ани 

за оперативен зафат беа предмет на ова истраж
увањ

ето, при ш
то по случаен избор беа 

поделени во две истраж
увачки групи: унилатерална спинална анестезија со ниски дози 

на хипербарен бупивакаин или хипербарен левобупивакаин. С
е испитуваа квалитетот на 

спиналниот блок, хемодинамскиот профил и други чести несакани ефекти.
резултати: 26 пациенти, со просечна возраст од 76.77±7.207, 18 ж

ени и 8 маж
и, А

СА
 

2 и 3, кои биле оперирани заради фрактура на колк (56%
), други фрактури на нозе (12%

), 
ампутација на нога (16%

) и ингвинална хернија (16%
); беа поделени во две испитувани 

групи: Група 1 доби унилатерална спинална анестезија со хипербарен бупивакаин во 
раствор од 7%

 декстроза во доза од 5-10 m
g и додаток на фентанил 20m

cg и Група 2: 
унилатерална спинална анестезија со хипербарен левобупивакаин во раствор од 7%

 
декстроза и тоа 5-10 m

g и додаток на фентанил 20m
cg. И

 кај двете групи со споредливи 
демограф

ски карактеристики, се постигнаа соодветни хирурш
ки услови со највисоко 

постигнато сензорно ниво до висина на Th10, стабилен крвен притисок, ниска стапка 
на значајна хипотензија (1 случај од Група 1 и 3 случаи од Група 2), стабилна срцева 
фреквенција и ниска стапка на гадењ

е, пруритус и пост-пункциона главоболка. Н
е се 

забележ
ани промени на ST сегментот во тек на периоперативниот период.

заклучок: Унилатералната спинална анестезија со ниски дози на хипербарен 
бупивакаин или левобупивакаин е сигурна анестезиолош

ка техника кај повозрасните 
пациенти.

к
лучни зборови: повозрасни, хемодинамика, унилатерална спинална анестезија.
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Introduction: M

alnutrition in hospital patients is a w
orldw

ide problem
 w

hich leads to 
increased m

orbidity and m
ortality rate. N

utritional assessm
ent carried out im

m
ediately after 

adm
ission of the patient allow

s to m
ake a plan to start nutritional therapy in order to im

prove 
nutritional status and m

inim
ize the risk of com

plications. A
m

ong the different m
ethods for nu-

tritional assessm
ent a new

 technique that enables a m
easurem

ent of the thickness of adductor 
pollicis m

uscle has becom
e popular in the last years.

The objective of this study w
as to determ

ine the validity of the m
easurem

ent of the thickness 
of adductor pollicis m

uscle in correlation to other anthropom
etric m

easurem
ents for nutritional 

status assessm
ent in critically ill patients.

M
aterial and M

ethods: The pilot study included 24 patients treated at the C
linic for 

A
nesthesiology, R

eanim
ation and Intensive C

are in the period from
 A

pril to June 2017. The 
inclusion criteria w

ere age older than 18 years and hem
odynam

ically stable patients. Exclusion 
criteria w

ere: pregnancy, current injury or deteriorated m
obility from

 a previous injury, upper 
lim

b fracture in the last six m
onths, and degenerative disease. The nutritional status w

as follow
ed 

by: W
eight and height, B

ody M
ass Index, M

id A
rm

 circum
ference, Triceps skinfold thickness, 

M
id A

rm
 M

uscle C
ircum

ference, C
alf circum

ference, the thickness of A
dductor pollicis m

uscle 
(TA

PM
) and Subjective G

lobal A
ssessm

ent.
R

esults: The m
ean TA

PM
 m

easured in m
m

 w
as 16, 67±2,16 in m

ale and 13,00±1,73 in 
fem

ale patients for dom
inant hand, and 15,24±2,11 in m

ale and 11,70± 2,54 in fem
ale for 

non-dom
inant hand. The m

ean TA
PM

 in patients younger than 45 years w
as the highest for both 

the dom
inant (17, 11±2,47) and the non-dom

inant hand (15,67 ±2,55). The sm
allest m

ean TA
PM

 

O
RIG

IN
AL ARTIC

LE
ISSN

 2545-4366 | U
D

C: 613.2:616-036.81-052
H

EM
O

D
YN

AM
IC PRO

FILE O
F U

N
ILATERAL SPIN

AL AN
ESTH

ESIA IN
 ELD

ERLY PATIEN
TS



|  22  |
N

um
ber 2. N

ovem
ber 2017  |  23  | 

M
acedonian Journal of Anaesthesia

w
as m

easured in patients over 65 years of age both for dom
inant (14,43 ±2,50) and non-dom

inant 
hand (14,47 ± 2,67). A

ccording to the subjective global assessm
ent the m

ean TA
PM

 w
as high-

est in w
ell-nourished patients (16.93 ± 2.16) and sm

allest in patients w
ith severe m

alnutrition 
(12.50 ± 2.56). The correlation betw

een the TA
PM

 and other anthropom
etric m

easures show
ed 

significance only w
ith M

id A
rm

 M
uscle C

ircum
ference (p = 0.003) and C

alf circum
ference (p 

= 0.046) for the dom
inant hand and w

ith M
id A

rm
 circum

ference (p = 0.017), M
id A

rm
 M

uscle 
C

ircum
ference (p = 0.002) and C

alf circum
ference (p = 0.009) for the non-dom

inant hand.
C

onclusion: The m
easurem

ent of the thickness of adductor pollicis m
uscle presents a 

reliable m
ethod for nutritional status assessm

ent and it correlates to the other anthropom
etric 

m
easurem

ents used in clinical practice in critically ill patients.
K

ey w
ords: critically ill patient, nutritional assessm

ent, thickness of adductor pollicis m
uscle

C
o

r
r
e
s
p

o
n

d
in

g
 a

u
th

o
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, U
niversity C

linic of Anesthesia Reanim
ation 

and Intensive C
are, Skopje, R. M

acedonia. E-m
ail: andonovska.biljana1@

gm
ail.com

Introduction
M

alnutrition in hospital patients is a w
orldw

ide problem
. There are num

erous reasons for its 
occurrence like the disease itself, hyperm

etabolism
 or reduced intake and absorption of nutrients. 

[1] The incidence of m
alnutrition in critically ill patients is from

 40 to 100%
, and leads to in-

creased m
orbidity w

ith prolonged hospital treatm
ent, increased infection rates, hypoproteinem

ia, 
edem

a, postoperative com
plications and increased m

ortality rate. (1)
It is very im

portant to assess the nutritional status of the patient at hospital adm
ission, to 

determ
ine the presence or absence of m

alnutrition w
ith one single goal, w

hich is to provide an 
early and individualized diet plan. (2) 

A
nthropom

etry is an im
portant tool for assessing nutritional status, and also an indicator 

and predictor of survival. A
nthropom

etric m
easurem

ents are accepted in all life conditions and 
allow

 classification of individuals according to the nutritional status.
So far, the know

n screening devices and anthropom
etric m

easures are considered variables 
susceptible to the im

pact of the critical illness. Throughout the years, num
erous attem

pts for 
identification and developm

ent of new
 possibilities for determ

ination of m
alnutrition have been 

m
ade concerning critically ill patients, but consensus has not yet been reached. 

A
 new

 technique that enables an assessm
ent of the m

uscle com
partm

ent and correlates 
w

ith other anthropom
etric, biochem

ical and inflam
m

atory param
eters is the m

easurem
ent of 

the thickness of adductor pollicis m
uscle (TA

PM
). This m

ethod identifies changes of the w
hole 

body, and can be useful in detection of early changes associated w
ith m

alnutrition, as w
ell as in 

estim
ation of nutritional recovery. (3) 

T
he objective of the study w

as to determ
ine the validity of the m

easurem
ent of the TA

PM
 

correlating to the other anthropom
etric m

easurem
ents for nutritional status assessm

ent in crit-
ically ill patients.

M
aterial and M

ethods
The pilot study included 24 patients treated at the C

linic for A
nesthesiology, R

eanim
ation and 

Intensive C
are (C

A
R

IL) in the period from
 A

pril to June 2017.
The study included all the patients from

 the unit w
ho could be evaluated during the first 24 

to 48 hours after adm
ission to the hospital. The inclusion criteria w

ere age older than 18 years, 
and patients w

ho w
ere stable hem

odynam
ically. Exclusion criteria w

ere: pregnancy, current in-
jury or deteriorated m

obility from
 a previous injury, upper lim

b fracture in the last six m
onths, 

and degenerative disease.
The nutritional status w

as follow
ed by:

W
eight and height - data for their value w

ere obtained from
 the escort. The IC

U
 did not have 

an available bed scale or a stadiom
eter, and patients w

ere not clinically able to w
alk.

The B
ody M

ass Index (B
M

I) w
as calculated by dividing the w

eight (kg) by squared height 
(m

²) and the data obtained w
ere analyzed according to the references suggested in the literature. 

The adults w
ere classified as per the references of the W

orld H
ealth O

rganization, considering the 
follow

ing intervals: low
 w

eight (B
M

I < 18.5kg/m
2), eutrophic (B

M
I from

 18.5 kg/m
2 to 24.9kg/

m
2) overw

eight (B
M

I from
 24.9kg/m

2 to 29.9kg/m
2). The elderly w

ere classified according to 
the cutoff points of Lipschitz, in w

hich low
 w

eight w
as B

M
I ≤ 22 kg/m

2; eutrophic if B
M

I w
as 

betw
een 22 kg/m

2 and 27 kg/,m
2; and overw

eight, if B
M

I > 27kg/m
2. (4, 5)

M
id A

rm
 circum

ference (M
A

C
) w

as m
easured using inelastic and inextensible tape m

easure. 
The non-dom

inant hand w
as m

easured w
ith the elbow

 bent in 90° of flexion and the position 
of the palm

 above. The lateral point of the acrom
ion and the low

est point of the olecranon w
ere 

m
arked and the m

easurem
ent w

as carried out in the m
iddle betw

een them
.

Triceps skinfold thickness (TST) m
easures the adipose tissue and it is carried out on the back 

of the arm
 at the spot w

here the M
A

C
 is m

easured. A
t 2 cm

 from
 the m

arked place the exam
iner, 

w
ith the help of his/her thum

b and forefinger, raises the skin of the patient. The adipom
eter is 

positioned at 1 cm
 depth of the skin, the pressure is 10g/m

m
², w

e w
ait for 3 to 4 seconds and 

then note the m
easured value.

M
id A

rm
 M

uscle C
ircum

ference (M
A

M
C

) is a m
uscle m

ass index and is com
puted by the 

equation:
M

A
M

C
 = M

A
C

 - (3.1415 × TST) 
Calf circum

ference w
as determ

ined using an inelastic tape positioned horizontally around the 
m

axim
um

 circum
ference of the calf. Values below

 31cm
 w

ere considered indicative of reduced 
m

uscle m
ass show

ing som
e nutritional risk.
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The TA
PM

 w
as m

easured on the dom
inant and non-dom

inant side, w
ith the patient seated, 

the arm
 flexed to approxim

ately 90º, the forearm
 and the ventral side of the hand resting on the 

ipsilateral low
er lim

b, the hand relaxed and using the adipom
eter w

ith a continuous pressure of 
10 g m

m
-². The m

uscle w
as clam

ped at the vertex of the im
aginary triangle form

ed by thum
b 

extension and index finger (picture 1). The procedure w
as done on the dom

inant and non-dom
-

inant hand three tim
es, and the m

ean value w
as used as m

easurem
ent of the TA

PM
. 

Picture 1. M
easurem

ent of the TAPM
 w

ith an adipom
eter on the right hand

Subjective G
lobal A

ssessm
ent

For the evaluation of the Subjective G
lobal A

ssessm
ent (SG

A
), fam

ily m
em

bers answ
ered ques-

tions focused on disease history, changes in w
eight, changes in nutritional intake, the presence 

of gastrointestinal sym
ptom

atology and functional capacity alteration. Physical exam
ination w

as 
also included in order to determ

ine the loss of subcutaneous fat, m
uscle tissue, the presence of 

sacral edem
a, edem

a of the ankle, and the presence of ascites. A
ccording to the obtained results 

the patients belong to three categories: w
ell-nourished patients (SG

A
 “A

”), suspected/m
oderate 

m
alnutrition (SG

A
 “B

”), or severe m
alnutrition (SG

A
 “C

”). For statistical analysis, these data 
w

ere transform
ed into dichotom

ous variables: no nutritional risk (nourished) and at nutritional 
risk (m

oderately m
alnourished and severely m

alnourished).

Statistical A
nalysis

A
ll data w

ere expressed as m
ean ± standard deviation and analyzed by SPSS 12.0 softw

are. 
G

roup com
parison w

as perform
ed w

ith t test (student) and P < 0.05 w
as considered statistically 

significant. The one-w
ay analysis of variance (A

N
O

VA
) w

as used to determ
ine w

hether there 
are any statistically significant differences betw

een the m
eans of three or m

ore independent 
(unrelated) groups.

R
esults

The m
ean value of TA

PM
 in the m

ale group of patients w
as significantly higher than the m

ean 
value in the fem

ale group, either for TA
PM

 for the dom
inant hand or TA

PM
 for the non-dom

-
inant hand (Table 1) 

G
roup Statistics

Sex
N

M
ean ± Std. D

eviation
Significance (p)

TA
PM

_D
O

M
IN

A
N

T
M

A
LE

18
16,67 ± 2,169

FEM
A

LE
 5

13,00 ±1,732
0.002

TA
PM

_N
O

N
-

D
O

M
IN

A
N

T
M

A
LE

18
15,24 ± 2,110

FEM
A

LE
 5

11,70 ± 2,540
0.004

In term
s of age, in the study there w

ere three age groups. In the first group the patients are 
up to 45 years old, in the second from

 45 to 65 years, and in the third group the patients are over 
65 years of age. O

ur results show
ed the highest m

ean values of TA
PM

 in the group of patients 
younger than 45 years, and the sm

allest m
ean values in the group of patients over 65 years of 

age for both the dom
inant and the non-dom

inant hand. A
N

O
VA

 test show
ed that although there 

is a difference, that difference is not a statistically significant one (Table 2).

N
M

ean ± Std. D
eviation

Significance (p)

TA
PM

_D
O

M
IN

A
N

T
<45

9
17,11 ± 2,472

0.111
45-65

7
15,71 ± 2,215

>65
7

14,43 ± 2,507

TA
PM

_N
O

N
-

D
O

M
IN

A
N

T

<=45
9

15,67 ± 2,550
0.156.

46-65
7

14,26 ± 2,220
>66

7
13,14 ± 2,688

A
ccording to the subjective global assessm

ent, in our study there w
ere 15 w

ell-nourished 
patients (SG

A
 “A

”), 6 patients w
ith suspect/m

oderate m
alnutrition (SG

A
 “B

”), and 2 patients 
w

ith severe m
alnutrition (SG

A
 “C

”). The m
ean values of TA

PM
 w

ere the highest in the group 
A

 and the sm
allest in the group C

 for both dom
inant and non-dom

inant hand. W
ith A

N
O

VA
 test 

w
e found that the difference betw

een the groups is statistically significant (Table 3).

N
 M

ean ± Std. D
eviation

Significance (p)

TA
PM

_
D

O
M

IN
A

N
T

A
15

16,93 ± 2,154

0.009
B

6
14,33 ± 2,251

C
2

12,50 ±,707
Total

23
15,87 ± 2,564

TA
PM

_N
O

N
-

D
O

M
IN

A
N

T

A
15

15,69 ± 2,064

0.001
B

6
12,92 ± 1,686

C
2

10,00 ±,000
Total

23
14,47 ± 2,615
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Table 4 show
s the correlation of the thickness of adductor pollicis m

uscle in relation to 
the other anthropom

etric m
easures. The correlation betw

een TA
PM

 in the dom
inant hand and 

TA
PM

 in the non-dom
inant hand is very large 0.914 (p <0.000). TA

PM
 in the dom

inant hand 
is correlated to M

A
M

S 0.588 (p = 0.003) and C
A

LF, 0.421 (p = 0.046), w
hile data show

 that 
there is no correlation to M

A
C

, 0.384 (p = 0.070), and TST, -0.049 (p = 0.825 ). TA
PM

 in the 
non-dom

inant arm
 is correlated to M

A
C

, 0.493 (p = 0.017), M
A

M
S 0.602 (p = 0.002) and СА

LF, 
0.533 (p = 0.009), w

hile the data show
 no correlation to TST, 0.127 (p = 0).

M
A

C
TST

M
A

M
C

C
A

LF
TM

A
P_

D
O

M
IN

A
N

T
TM

A
P_N

O
N

-
D

O
M

IN
A

N
T

M
A

C

Pearson 
C

orrelation
1

,709
**

,838
**

,737
**

,384
,493

*

Sig. (2-tailed)
,000

,000
,000

,070
,017

N
23

23
23

23
23

23

TST

Pearson C
orrelation

,709
**

1
,214

,618
**

-,049)
,127

Sig. (2-tailed)
,000

,327
,002

,825
,565

N
23

23
23

23
23

23

M
A

M
C

Pearson C
orrelation

,838
**

,214
1

,545
**

,588
**

,602
**

Sig. (2-tailed)
,000

,327
,007

,003
,002

N
23

23
23

23
23

23

C
A

LF

Pearson C
orrelation

,737
**

,618
**

,545
**

1
,421

*
,533

**

Sig. (2-tailed)
,000

,002
,007

,046
,009

N
23

23
23

23
23

23

TM
A

P_

D
O

M
IN

A
N

T

Pearson C
orrelation

,384
-,049)

,588
**

,421
*

1
,914

**

Sig. (2-tailed)
,070

,825
,003

,046
,000

N
23

23
23

23
23

23

TM
A

P_N
O

N
-

D
O

M
IN

A
N

T

Pearson 
C

orrelation
,493

*
,127

,602
**

,533
**

,914
**

1

Sig. (2-tailed)
,017

,565
,002

,009
,000

N
23

23
23

23
23

23
*. C

orrelation is significant at 0.05 level (2-tailed).
**. C

orrelation is significant at 0.01 level (2-tailed).

D
iscussion

The m
ajority of critically ill patients, globally, do not receive proper nutrition during hospital-

ization in intensive care units. N
utritional assessm

ent carried out im
m

ediately after adm
ission 

of the patient allow
s to m

ake a plan to start nutritional therapy in order to im
prove nutritional 

status and m
inim

ize the risk of com
plications. Evaluation of the nutritional status in hospital 

conditions com
prises the history of the disease w

ith habits and changes in respect to nutrition, 
evaluation of biochem

ical values   and body com
position w

ith physical exam
ination. (6)

Shakir and W
aterlow

 are the pioneers in the use of anthropom
etry and thanks to their hard 

w
ork, m

easuring of the body com
partm

ent is a part of a routine physical exam
ination. (7, 8) The 

protein com
partm

ent is represented by m
uscle m

ass, subjected to the influence of m
alnutrition, 

w
hich can lead to its reduction. C

hanges in m
uscle m

ass are a good indicator of the patient’s 
diet and the outcom

e of the current disease. (9)
For the evaluation of the body com

partm
ent, several m

ethods have been developed, adapt-
ed for use in different scenarios. The results obtained w

ith dual energy X
-ray absorptiom

etry 
(D

X
A

) and air-displacem
ent plethysm

ography proved to be realistic in the epidem
iological 

scenario. The high cost, technical com
patibility, and low

 availability, are lim
iting their use in 

clinical practice. (10)
Technique used in a clinical environm

ent, especially in surgical and renal patients, patients 
w

ith chronical illness or critical illness, and at the sam
e tim

e an indicator of m
alnutrition, length 

of stay and m
ortality, is the thickness of adductor pollicis m

uscle. (11)
A

ssessm
ent of the thickness of the adductor pollicis m

uscle (A
PM

) has been reported for 
evaluating the m

uscle com
partm

ents of the body. It is a m
uscle of the hand w

ith tw
o heads that 

adducts the thum
b by bringing it tow

ard the palm
. It is a fleshy, flat, triangular, and fan-shaped 

m
uscle deep in the thenar com

partm
ent beneath the long flexor tendons and the lum

brical m
us-

cles at the centre of the palm
. It overlies the m

etacarpal bones and the m
uscles. A

natom
ically, 

the A
PM

 is the only m
uscle in the body that could be directly m

easured. M
easurem

ent of the 
thickness of A

PM
 is fast, easy, low

 cost and non-invasive.(12)
M

easurem
ent of the thickness of adductor pollicis m

uscle on the dom
inant hand is superior 

to the non-dom
inant one and the values are alw

ays higher. There is evidence that the m
uscle of 

the dom
inant hand starts to w

eaken first w
ith reduced daily activity and show

s m
ore expressed 

atrophy in m
alnutrition. In order to avoid m

isrepresentation of the nutritional status it is recom
-

m
ended to m

easure the adductor pollicis m
uscle on the non-dom

inant hand.
The first published study from

 Lam
eu et al. included 421 healthy patients and the m

ean 
m

uscle thickness of adductor pollicis m
uscle for the both sexes of the dom

inant hand w
as 11.5 

± 2.76 m
m

. (13) D
ifferent m

ethodological approaches resulted in different values   of m
uscle 

thickness. The second study of Lam
eu et al. perform

ed w
ith patients in the w

ards of the M
edical 

C
linic from

 the H
ospital of the U

niversity of R
io de Janeiro, found out an average of TA

PM
 for 

a total sam
ple of 14.2 ± 3.7 m

m
 in the dom

inant hand and 13.8 ± 3.7 m
m

 in the non-dom
inant 

hand. (14) H
ow

ever, Freitas et al. in their study that included 82 cancer patients observed m
inor 

variations of TA
PM

 on the dom
inant hand for both sexes and am

ounted to (13 ± 3.2 m
m

). (15)
In our study the m

ean value of TA
PM

 w
as higher com

pared to the other studies w
hich m

eans 
that our patients arrived at a hospital w

ith a low
er nutritional risk com

pared to patients in the 
other studies w

ho have poorer nutritional status at adm
ission. 

R
egarding the gender, a significant difference has been identified in the studies carried out 

so far. In our study, the m
ean value of TA

PM
 of the dom

inant hand in m
en w

as 16.67 ± 2.14 
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m
m

, and in the non-dom
inant hand w

as 13.00 ± 1.73 m
m

, w
hile in w

om
en, the m

ean value of 
the dom

inant hand w
as 15, 24 ± 2.11 m

m
, and in the non-dom

inant hand the value w
as 11.70 

± 2.54 m
m

. Statistical significance is p = 0.002, for the dom
inant hand, and p = 0.004 for the 

non-dom
inant hand. A

ccording the results for the values of TA
PM

 in different age groups, the 
m

ost of the studies show
 different values in different age groups. G

onzalez et al. found that the 
age group from

 30 to 60 years old show
s significantly higher m

uscle-thickness values   than other 
age groups. In the background, there is no biological explanation, but a technical point. (16) 
The results from

 our study correspond to the results from
 the others studies show

ing that the 
m

ean value of TM
A

P in the group of patients younger than 45 years w
as the highest and that 

the sm
allest m

ean value w
as in the group of patients over 65 years.

The SG
A

 is the gold standard for subjective evaluation of m
alnutrition. R

ezende et al., 
exam

ined 168 surgical patients and established a reasoned correlation betw
een subjective and 

objective m
ethods of nutritional assessm

ent in the perioperative period. (17) In their study, in 
w

hich the thickness of adductor pollicis m
uscle w

as used as a predictor of the outcom
e of a critical 

illness, it has been determ
ined that 25%

 of patients are severely undernourished. The value of 
TA

PM
 in the left (12.3 ± 5.5 m

m
) and in the right hand (12.9 ± 5.3 m

m
) is significantly low

er (p 
<0.001) in severe m

alnourished patients (SG
A

-C
) com

pared to patients scored as patients w
ith 

m
ild m

alnutrition (SG
A

-B
) (right hand = 16.8 ± 5.7 m

m
 and left hand = 15.9 ± 5.9 m

m
) or being 

nourished (SG
A

-A
) (right hand = 17.2 ± 5.4 m

m
 and left hand = 15.8 ± 4.6 m

m
). From

 this it 
follow

s that a significant correlation betw
een SG

A
 and TA

PM
 exists only in patients w

ho are 
undernourished. (18) A

ccording to the subjective global assessm
ent, in our study there w

ere 15 
w

ell-nourished patients (SG
A

 “A
”), 6 patients w

ith suspect/m
oderate m

alnutrition (SG
A

 “B
”), 

and 2 patients w
ith severe m

alnutrition (SG
A

 “C
”). The m

ean value of TM
A

P in group A
 is the 

highest or 16.93 ± 2.16 for the dom
inant hand and 15.69 ± 2.064 for the non-dom

inant hand, and 
the low

est in the group C, 12.50 ± 2.56 in the dom
inant hand and 10.00 in the non-dom

inant hand.
C

aporossi, exam
ining the patients on intensive care, found that there is significant positive 

correlation betw
een the values of TA

PM
 and A

C
, A

M
A

 and TSF m
easurem

ents. (19) Sim
ilar 

results w
ere obtained in the study by R

osalie et al. [35], w
ith included 124 patients w

ho un-
derw

ent large digestive surgery w
here the values of TA

PM
 on both hands correlated positively 

w
ith all anthropom

etric variables. (20) O
pposite to him

, Lam
eu et al [30], in his study found a 

significant positive correlation betw
een the values of TA

PM
 and anthropom

etric param
eters, but 

only in those patients that show
ed m

uscle m
ass and not in those w

ho calculated fat. (21) It is 
im

portant to note that this study does not investigate critically ill or surgically ill, but only healthy 
persons. In our study in critically ill patients TM

A
P in the dom

inant hand w
as in correlation to 

M
A

M
S 0.588 (p = 0.003) and C

A
LF, 0.421 (p = 0.046), w

hile the data show
 no correlation to 

M
A

C
, 0.384 (p = 0.070), and TST, -0.049 (p = 0.825). The obtained statistical results indicated 

that TM
A

P in the non-dom
inant hand is correlated to M

A
C

, 0.493 (p = 0.017), M
A

M
S 0.602 

(p = 0.002) and СА
LF, 0.533 (p = 0.009), and there is no correlation to TST, 0.127 (p = 0.565).

The determ
ination of TA

PM
 has its lim

itations. It is considered that it does not represent only 
the m

uscle body m
ass, but can be influenced by other factors. Lam

eu et al. em
phasized the body 

fram
e as a variable that influenced TA

PM
 and determ

ined a progressive increase in TA
PM

 in 
individuals w

ith a sm
all, m

edium
 or large body fram

e, evaluated by the w
rist circum

ference. The 
previous m

uscle activity and w
ater body com

partm
ent are other m

om
ents of great im

portance.

C
onclusion

Proper nutritional assessm
ent is a challenge. A

ll m
ethods for nutritional assessm

ent show
 differ-

ences in results, but one is com
m

on that they are effective and positively correlate to the setting 
of diagnosis for nutritional risk. The m

easurem
ent of the thickness of adductor pollicis m

uscle 
presents a reliable m

ethod for nutritional status assessm
ent and it correlates to other anthropo-

m
etric m

easurem
ents used in clinical practice in critically ill patients.
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овед: М
алнутрицијата кај болничките пациенти е светски проблем кој води до 

зголемувањ
е на морбидитетот и морталитетот. Н

утрициската процена изврш
ена веднаш

 
по приемот на пациентот во болничката институција, овозмож

ува да се направи план за 
започнувањ

е на нутрициска терапија со цел да се подобри нутрициониот статус и да се 
минимизира ризикот од компликации. М

еѓу различните методи за процена на нутрицискиот 
статус припаѓа и новата техника на мерењ

е на дебелината на адукторниот мускул на 
палецот, која стана популарна последните години. 

ц
елта на студијата беш

е да се утврди валидноста на мерењ
ето на дебелината на 

адукторниот мускул на палецот и неговата корелацијата со други антропометриски мерењ
а 

за процена на нутритивниот статус кај критично болните пациенти.
м

атеријал и м
етоди: В

о пилот-студијата беа вклучени 24 пациенти третирани на 
К

линиката за анестезиологија, реанимација и интензивна нега во периодот од април до 
јуни 2017 година. К

ритериумите за вклучувањ
е беа возраст над 18 години и хемодинамска 

стабилност на пациентите. К
ритериумите за исклучувањ

е беа: бременост, тековна повреда 
или влош

ена подвиж
ност од претходна повреда, фрактура на горните екстремитети во 

последните ш
ест месеци и дегенеративна болест. Н

утрицискиот статус кај пациентите 
се следеш

е преку мерките на: теж
ина и висина, индекс на телесна маса, обем на ниво 

на средина на надлактица, дебелина на кож
ен набор на трицепс, обем на мускулите на 

средина на надлактица, обем на подколеница, дебелина на адукторниот мускул на палецот 
и субјективната глобална процена.

резултати: Средната вредност на дебелината на адукторниот мускул на палецот мерена 
во m

m
 беш

е 16, 67 ± 2,16 кај маж
и 13,00 ± 1,73 кај ж

ени за доминантната рака, и 15,24 ± 2,11 
кај маж

и и 11,70 ± 2,54 кај ж
ени за не-доминантната рака. Средната вредност на дебелината 

на адукторниот мускул на палецот кај пациенти помлади од 45 години беш
е највисока и за 

доминантната (17, 11 ± 2,47) и за не-доминантната рака (15,67 ± 2,55). Н
ајмалата средна 

вредност на дебелината на адукторниот мускул на палецот беш
е измерена кај пациентите 

над 65 години како за доминантна (14,43 ± 2,50), така и за не-доминантна рака (14,47 ±2,67). 
С

поред субјективната глобална процена, средната вредност на дебелината на 
адукторниот м

ускул на палецот беш
е највисока кај добро хранетите пациенти 

(16,93 ± 2,16) и најм
ала кај пациентите со теш

ка м
алнутриција (12,50±2,56). 

К
орелацијата пом

еѓу дебелината на адукторниот м
ускул на палецот и другите 
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антропометриски мерки покаж
а сигнификантност со обемот на мускулите на средината 

на надлактицата (p = 0.003) и обемот на подколеницата (p = 0.046) за доминантната рака и 
со обемот на средината на надлактицата (p = 0.017), обемот на мускулите на средината на 
надлактицата (p = 0,002) и обемот на подколеницата (p = 0,009) за не-доминантната рака.

заклучок: М
ерењ

ето на дебелината на адукторниот мускул на палецот претставува 
сигурен м

етод за прoцена на нутрицискиот статус и е во корелација со другите 
антропометриски мерењ

а кои се користат во клиничката пракса кај критично болните 
пациенти.

к
лучни зборови: дебелина на адукторен мускул на палецот, критично болен пациент, 

нутрициска процена.

IN
C

ID
E

N
C

E
 O

f C
L

IN
IC

A
L SIG

N
S O

f R
E

SID
U

A
L 

N
E

U
R

O
M

U
SC

U
L

A
R

 B
L

O
C

K
 AT T

H
E

 PO
STA

N
E

ST
H

E
SIA

 
C

A
R

E
 U

N
IT IN

 PAT
IE

N
T

S A
fT

E
R

 G
E

N
E

R
A

L A
N

E
ST

H
E

SIA
 

W
IT

H
 L

O
N

G
 A

C
T

IN
G

 N
E

U
R

O
M

U
SC

U
L

A
R

 D
R

U
G

S – O
U

R
 

E
X

PE
R

IE
N

C
E

Radoeshki A
1, Shosholcheva M

1, Stojanova S
1, Trojic T

1, Vasileva O
1, O

ranska G
1, G

ievski V
1, 

M
itasova V

1, Pop Stefanija-C
orbeva V

1, Ilievska J
1, Shikovska-Pijuk A

1, Abbas N
1

1 U
niversity Surgical C

linic Ss. N
aum

 O
hridski, Skopje, M

acedonia

A
B

ST
R

A
C

T
Introduction: Ever since curare w

as introduced into the practice of anesthesiology in 1942, 
it becam

e a valuable addition to the anesthesiologists’ arm
am

entarium
. N

eurom
uscular blocking 

drugs (N
M

BD
) have since becom

e an im
portant adjunctive in the m

ost cases of general anesthesia. 
R

ecent studies suggest that use of interm
ediate acting N

M
B

D
, neurom

uscular m
onitoring and re-

versal of neurom
uscular block, m

ay affect early postoperative outcom
es and reduce the incidence 

of residual neurom
uscular block (R

N
M

B
). The aim

 of this study is to com
pare the incidence of 

clinical signs of R
N

M
B

 in the PA
C

U
 in tw

o groups of patients receiving long acting N
M

B
D

.
M

aterial and M
ethod: Prospective descriptive study conducted at the U

niversity Surgical 
C

linic St. N
aum

 O
hridski – Skopje in 78 patients receiving general anesthesia w

ith long acting 
N

M
B

D
. Patients are divided into tw

o groups depending if neurom
uscular function w

as m
oni-

tored or not intraoperatively. 
R

esults: The incidence of clinical signs of R
N

M
B

 at the PA
C

U
 w

as 20.51%
 in the unm

on-
itored and 15.38%

 in the m
onitored group. There w

as higher incidence in m
ild hypoxem

ia and 
airw

ay m
uscle w

eakness in the unm
onitored group.

C
onclusion: R

esidual neurom
uscular block continues to be a com

m
on clinical occurrence 

in PA
C

U
. In the early recovery period after anesthesia it is difficult to differentiate the signs of 

RN
M

B of the effects of the drugs used during anesthesia. A
lthough there are strong recom

m
enda-

tions for use of neurom
uscular m

onitoring, still m
any anesthesiologists base their neurom

uscular 
m

anagem
ent on clinical signs. 

K
ey w

ords: neurom
uscular blocking drug, postanesthesia care unit, residual neurom
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blockC
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Introduction
Tens of m

illions of people w
orldw

ide are subjected to general anesthesia every day. 
A

nesthesiologist’s arm
am

entarium
 consists of drugs w

hich purpose is to produce hypnosis, 
am

nesia, analgesia, hem
odynam

ic stability and im
m

obility. G
enerally, neurom

uscular blocking 
drugs (N

M
B

D
) are used in order to facilitate intubation and to achieve im

m
obility and optim

al 
surgical field. The m

ost com
m

on and serious com
plication of use of N

M
B

D
 is the residual 

neurom
uscular block (R

N
M

B
), that has a tendency to have a relatively undetected occurrence 

in the postanesthesia care unit (PA
C

U
). 

W
hat is residual neurom

uscular block? W
hen quantitative m

onitoring of the neurom
uscu-

lar function w
as introduced into the practice of anesthesia, R

N
M

B
 w

as defined as inadequate 
reversal of neurom

uscular function, as train-of-four (TO
F) ratio of below

 0.7. M
ore recent data 

suggest that a TO
F ratio of <0.9 is “the golden rule” for R

N
M

B
 instead (1, 2). Probably the m

ost 
accurate definition of R

N
M

B
 w

ould be presence of signs and sym
ptom

s of m
uscle w

eakness in 
the early postoperative period after adm

inistration of N
M

B
D

 (3). 
R

esidual paralysis in PA
C

U
 can affect m

orbidity in patients recovering from
 general anes-

thesia and is a risk factor that can affect early postoperative outcom
es. The adverse effects of 

R
N

M
B

, such as im
pairm

ent of pharyngeal coordination, delayed initiation of the sw
allow

ing 
reflex and reductions in the upper esophageal sphincter tone dram

atically increase the risk of 
aspiration (3). A

s addition to these, the im
pairm

ent of dilatation function of the upper airw
ay 

m
uscles, the decrease in inspiratory flow

 and the im
paired hypoxic ventilatory drive, dram

ati-
cally increase the need of em

ergency reintubation that greatly increases the risk of postoperative 
pulm

onary com
plications. 

R
N

M
B

 is a preventable safety problem
. R

ecent outcom
e studies suggest that use of inter-

m
ediate acting N

M
B

D
, perioperative neurom

uscular m
onitoring and reversal of neurom

uscular 
block m

ay reduce the incidence of R
N

M
B

 (4). Interm
ediate acting N

M
B

D
s reduce the incidence 

of R
N

M
B

 in com
parison to the long acting N

M
B

D
s (5).

M
onitoring of the neurom

uscular function is the factor that recently is the m
ost com

m
on-

ly stressed in reducing the incidence of R
N

M
B

. There are tw
o m

ethods for neurom
uscular 

m
onitoring. Q

ualitative (subjective) m
ethod is w

here visual or tactile assessm
ent of response 

to peripheral nerve stim
ulation is perform

ed. It is one of the m
ost com

m
on m

ethods used for 
m

onitoring of the neurom
uscular function in the operating room

, PA
C

U
 and IC

U
. Available 

data provide that tactile assessm
ent could be slightly m

ore sensitive in detecting fade during 
neurom

uscular stim
ulation com

pared to visual assessm
ent. The quantitative m

ethod, on the 
other hand, provides m

ore objective data on neurom
uscular m

onitoring. It provides accurate, 
num

erical value of the train-of-four (TO
F) ratios. The quantitative m

onitoring is m
ore reliable 

m
ethod in excluding R

N
M

B
 because fade is difficult to detect subjectively w

hen train-of-four 
ratio is betw

een 0.4 and 0.9 (3).

In our study w
e com

pared the incidence of clinical signs of R
N

M
B

 in PA
C

U
 in tw

o groups 
of patients, group A

 (not m
onitored) and group B

 (m
onitored).

M
aterial and M

ethod
This prospective descriptive study w

as conducted in the U
niversity Surgical C

linic St. 
N

aum
 O

hridski – Skopje, in a period of tw
o w

eeks in January 2015. The ethical approval for 
this study w

as provided by the Ethical C
om

m
ittee of the U

niversity Surgical C
linic St. N

aum
 

O
hridski – Skopje.

The individual inform
ed consent w

as w
aived by the Ethical com

m
ittee because the study 

did not change routine care of patients or routine practice of the anesthesiologists. This study 
included patients w

ithin the tw
o w

eeks period w
ho w

ere subjected to general anesthesia w
ith 

long acting N
M

B
D

. Exclusion criteria w
ere patients younger than 18 years old; patients sched-

uled for local, regional anesthesia or general anesthesia w
ithout long acting N

M
B

D
; patients 

intubated preoperatively outside the operation room
 and patients that w

ere not extubated at the 
operation room

.
D

uring this tim
efram

e 78 patients w
ere enrolled in the study. Tw

o groups w
ere created; 

group A
 (n=39) w

here neurom
uscular function w

as not m
onitored during anesthesia and group 

B
 (n=39) w

here neurom
uscular function w

as m
onitored. R

outine care for the patients w
as not 

changed and m
odifications of the custom

 practice of each anesthesiologist w
ere not perform

ed. 
The choice of drugs used for prem

edication and anesthesia as w
ell as neurom

uscular m
anagem

ent 
w

ere left to the discretion of the anesthesiologist in charge.
In the m

onitored group B
, qualitative neurom

uscular m
onitoring w

as perform
ed during the 

surgical procedure w
ith train-of-four-count (TO

Fcount) w
ith O

rganon TO
F-W

atch
® S.

The clinical signs of R
N

M
B

 w
ere registered at PA

C
U

 as m
ild hypoxem

ia, SpO
2 betw

een 
90-93%

 w
ith oxygen support via facem

ask of 4L/m
in; severe hypoxem

ia, SpO
2  below

 90%
 

w
ith oxygen support via facem

ask of 4L/m
in; signs of respiratory distress, w

ith respiratory rates 
higher than 20 breaths per m

inute and activation of accessory respiratory m
usculature; inability 

to take a deep breath on com
m

and; airw
ay m

uscle w
eakness, w

ith difficulty in breathing or 
sw

allow
ing; need for airw

ay m
anagem

ent, use of G
uedel airw

ay, laryngeal m
ask or intubation; 

need for additional reversal of neurom
uscular block.

D
ata w

ere statistically analyzed. Fisher’s exact test w
as used for com

parison of variables 
betw

een the non m
onitored and m

onitored group. C
ategorical variables are expressed as per-

centages and continuous variables as m
ean and standard deviation. Statistical significance w

as 
set at P below

 0.05. 
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R
esults

D
em

ographic data of the patients of both groups are presented in Table 1 as m
ean ± standard 

deviation (M
±SD

). 

Table 1. D
em

ographic data of patients
 

G
roup A

G
roup B

p

G
ender m

/f
23/16

18/21
/

A
ge

48,53±15,09
53,35±14,36

0.076

H
ight (cm

)
170,41±8,11

167,56±5,43
0.9639

W
eight (kg)

72,13±15,38
71±14,65

0.6297

There w
ere no statistical differences betw

een the data in the tw
o groups. In group A

 there 
w

ere 39,5%
 A

SA
 category 1, 51,28%

 A
SA

 category 2 and 12,82%
 A

SA
 category 3 patients. In 

group B
 there w

ere 23,08%
 A

SA
 category 1, 53,85%

 A
SA

 category 2 and 23,08%
 A

SA
 category 

3 patients.
The m

ost com
m

on com
orbidities in each group of patients are show

n in Table 2.

Table 2. C
om

orbidities of patients
 

G
roup A

G
roup B

C
ardiovascular

15,38%
17,95%

R
espiratory

5,13%
7,69%

D
iabetes M

elitus
5,13%

7,69%

Sm
okers

38,46%
35,90%

In cardiovascular com
orbidities w

ere enlisted patients w
ith heart failure, according to the 

N
Y

H
A

 classification and patients w
ith know

n coronary artery disease. In respiratory com
orbid-

ities w
ere enlisted patients w

ith history of C
O

PD
, history of asthm

a, history of sleep apnea and 
recent respiratory infection w

ithin 2 w
eeks of surgery.

Table 3. Surgical data
 

G
roup A

G
roup B

p

Elective
84,62%

94,87%
/

A
bdom

inal / O
ther procedure

79,49%
56,41%

/

D
uration of surgery (m

in)
73,02±58,62

67,38±39,75
0.6898

The duration of surgical procedure w
as longer in the unm

onitored group.

Table 4. Anesthesia m
anagem

ent and LO
S at PAC

U
 

G
roup A

G
roup B

p

Volatile / TIVA
2/37

9/30
/

T.d. of Pancuronium
*

6,18±2,79
6,67±2,04

0.1894

Tim
e to arrival at PA

C
U

 (m
in)

67,20±23,36
59,18±19,49

0.9482

LO
S at PA

C
U

 (m
in)

76,89±26,38
79,46±22,31

0.3218

*t.d. total dose

There w
ere differences in the m

anagem
ent of anesthesia betw

een the groups, but this is due 
to routine practice of the anesthesiologist in charge. R

eversal of N
M

B
 w

as adm
inistered in every 

patient as part of the routine practice in our hospital. Tim
e from

 last adm
inistration of N

M
B

D
 

and arrival at PA
C

U
 w

as shorter in the m
onitored group.

Table 5. C
linical signs of RN

M
B 

 
G

roup A
G

roup B

M
ild hypoxem

ia
15,38%

10,26%

Inab. for deep breath
5,13%

5,13%

A
irw

ay m
uscle w

eakness
5,13%

2,56%

figure 1. Incidence of clinical signs of RN
M

B

There w
as insignificant statistical difference in incidence of clinical signs of R

N
M

B
 regis-

tered in both groups p=0.572835. In both groups there w
as no incidence of severe hypoxem

ia, 
signs of respiratory distress, nor need for additional airw

ay m
anagem

ent or need for additional 
reversal of N

M
B

.
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D
iscussion

R
esidual neurom

uscular block can be a factor that can potentially affect recovery after anes-
thesia and can produce postoperative com

plications. The introduction of interm
ediate acting 

N
M

B
D

 has reduced, but not elim
inated the incidence of R

N
M

B
. Perioperative m

onitoring of 
the neurom

uscular function is also stated as a factor in reducing the incidence of R
N

M
B

. In our 
study the incidence of clinical signs of R

N
M

B
 is 20.51%

 in the unm
onitored and 15.38%

 for 
the m

onitored group of patients. This incidence is w
ithin the reported range of R

N
M

B
 assessed 

by quantitative m
onitoring w

hich is from
 2%

 to 64%
, defined as TO

F<0.9 (3). 
M

ild hypoxem
ia w

as reported in 15.38%
 and 10.26%

 in the not m
onitored and m

onitored 
group respectively. There w

as sim
ilar incidence in the inability to take a deep breath on com

m
and 

in both groups 5.13%
. The incidence in airw

ay m
uscle w

eakness w
as 5.13%

 and 2.56%
 in the 

not m
onitored and m

onitored groups respectively. 
R

esidual neurom
uscular block can be m

anifested as unpleasant sym
ptom

s of generalized 
m

uscle w
eakness in patients. In the early postoperative period in PA

C
U

 there m
ay be difficulties 

in differentiating the signs of R
N

M
B

 from
 the lingering effects of other drugs used during anes-

thesia. The different states of alertness, depression of the ventilatory drive and airw
ay obstruction 

can be due to the effects of a num
ber of drugs com

m
only used such as opioids, benzodiazepines 

and volatile anesthetics. 
There is different sensitivity of different m

uscle groups to the effects of N
M

B
D

s. R
ecent 

investigations have dem
onstrated that m

uscle groups of the upper airw
ay, predom

inantly the 
m

uscles used for airw
ay protection and patency are m

ore sensitive to sm
all degrees of RN

M
B. The 

effects on the pharyngeal function have been dem
onstrated even in TO

F ratios <0.8. Sw
allow

ing 
w

as dram
atically im

paired and even aspiration w
as reported in cases of TO

F ratio <0.9 (2, 6). 
The cause of this effect w

as attributed to the delayed initiation of the sw
allow

ing reflex, delayed 
pharyngeal coordination, reduced force of pharyngeal contraction and reduced upper esophageal 
sphincter tone (7). The effect of RN

M
B on airw

ay m
uscle function w

as partial airw
ay obstruction, 

m
anifested as reduced forced inspiratory volum

e in 1s (8). This w
as attributed to w

eakness of 
the upper airw

ay dilatatory m
uscles (9). R

N
M

B
 can have an effect on the respiratory function 

as w
all. M

inim
al effects have been dem

onstrated on tidal volum
e, respiratory rate in patients 

w
ith R

N
M

B
, but the reduction of hypoxic ventilatory response can be significantly im

paired 
(10,11). The adverse effect on the hypoxic ventilatory response seem

s to be due to inhibition of 
neuronal nicotinic receptors in the carotid body (12, 13).

C
onclusion

R
esidual neurom

uscular block continues to be a com
m

on clinical occurrence in PA
C

U
. There is a 

w
ell established association betw

een RN
M

B and increased perioperative m
orbidity and m

ortality. 
In the early recovery period after anesthesia it is difficult to differentiate the signs of R

N
M

B
 of 

the effects of the drugs used during anesthesia. “M
ost patients seem

 to tolerate residual block 

of m
odest extent w

ithout untow
ard result” (14). A

lthough there are strong recom
m

endations 
for use of neurom

uscular m
onitoring, still m

any anesthesiologists base their neurom
uscular 

m
anagem

ent on clinical signs. Increased aw
areness of the dangers of unrecognized R

N
M

B
 m

ay 
lead to im

proved neurom
uscular m

anagem
ent. 
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вовед: Уш

те од воведувањ
ето на курарето во анестезиолош

ката пракса во 1942 година, 
тоа стана вредно дополнувањ

е на анестезиолош
киот арсенал. О

д тогаш
 наваму мускулните 

релаксанти (М
Р) станаа важ

ен дел кај повеќето случаи на опш
та анестезија. Н

овите студии 
укаж

уваат дека употребата на М
Р со средно времетраењ

е, невромускулен мониторинг и 
декураризацијата на невромускулниот блок мож

ат да влијаат на раниот постоперативен 
исход и да ја намалат инциденцата на резидуалниот невромускулен блок (РН

М
Б). Ц

елта 
на оваа студија е да се спореди инциденцата на клинички знаци на РН

М
Б во единицата 

за постанестезиолош
ка нега (ЕП

А
Н

) кај две групи на пациенти кои се водени со М
Р со 

долго времетраењ
е. 

м
атеријал и методи: П

роспективна дескриптивна студија изведена во Универзитетската 
клиника за хирурш

ки болести С
вети Н

аум О
хридски – С

копје кај 78 пациенти водени во 
опш

та анестезија со М
Р со долго времетраењ

е. П
ациентите се поделени во две групи во 

зависност од тоа дали невромускулната функција е мониторирана или не интраоперативно.
резултати: И

нциденцата на клиничките знаци на РН
М

Б во ЕП
А

Н
 изнесуваш

е 20.51%
 

кај немониторираната и 15.38%
 кај мониторираната група на пациенти. Забележ

ана е 
повисока инциденца на лесна хипоксемија и слабост на мускулатурата на диш

ните патиш
та 

кај немониторираната група.
заклучок: Резидуалниот невромускулен блок сѐ уш

те претставува чест наод во ЕП
А

Н
. 

В
о раниот постоперативен период теш

ко мож
ат да се диференцираат знаците на РН

М
Б од 

ефектите на лековите коиш
то се користат за време на анестезијата. П

овеќето анестезиолози 
сѐ уш

те се потпираат на клиничките знаци за водењ
е на невромускулниот блок и покрај 

постоењ
ето на силни препораки за употреба на невромускулен мониторинг.

к
лучни зборови: единица за постанестезиолош

ка нега, м
ускулен релаксант, 

резидуален невромускулен блок.
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K
ey w

ords: low
 flow

 anesthesia (LFA
), Volatile A

nesthetic A
gents (VA

A
), closed circuit 

anesthesia (C
C

A
), G

eneral A
nesthesia (G

A
), Total Intra Venous A

nesthesia (TIVA
).

L
ow

 flow
 A

nesthesia – an introduction and invitation
This text is an invitation and an introduction to LFA

.
The low

 flow
 technique is just one exam

ple of a sim
ple and logical process, but yet appar-

ently cum
bersom

e to apply.
It is sim

ple
 and

 logical because it is the w
ay the m

ost G
A

s in the w
orld are provided: volatile. 

TIVA
 is another other w

ay of G
A

.
The LFA

 technique learning starts by understanding that the anesthetic gases follow
 exactly 

the sam
e pathw

ay and physical rules as the oxygen! A
nd, in fact, of any other gases: that is 

from
 high pressure to low

 pressure. The only difference, and this elem
ent is capital to under-

stand, is that oxygen is consum
ed in the m

etabolic process w
hile the volatile anesthetics are 

not. The rest is pure physics.
Let’s go back in school w

hen w
e learned about the law

s of gases and everything becom
es sim

ple.
If w

e im
agine the body as a house w

ith m
ultiple room

s, and each room
 w

ith a different 
volum

e and different things inside, the anesthetic gas w
ill fill in gradually all of them

 until the 
partial pressure equilibrates all throughout the house. 

The hum
an body is built differently; there are no em

pty spaces, but the room
s are filled w

ith 
different tissues w

ith different capacities to absorb the anesthetic gases.
H

ow
ever, w

hen the partial pressure of the gas in all the body “room
s” is equilibrated there 

is no m
ore absorption. The body is equilibrated w

ith the anesthesia circuit in term
s of partial 

pressures. If theoretically the anesthesia m
achines w

ere perfectly herm
etic, once the body has 

equilibrated throughout all its com
partm

ents and w
ith the anesthesia m

achine, there w
ill be no 

m
ore absorption of gas.

It becom
es logical that at this point the vaporizers could be closed. Everything is inside the 

body.
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B
ut the reality is different:

1. 
The anesthesia m

achines and breathing circuits have leaks.
2. 

O
nce the surgeon has m

ade the incision the body stops being com
pletely closed. The 

loss is m
inim

al, but for the sake of theoretical correctness it is not zero.
3. 

There is a very little, m
etabolism

 of the anesthetic gases.

A
t this point let’s follow

 a step by step approach: the brain (the central point w
here the VA

A
 

acts) has equilibrated, ok. The only leaks are now
 represented by: the anesthesia m

achine and 
circuit and the losses through the surgical w

ound. This is the only volum
e of gas that w

e need to 
feed to the circuit and patient from

 this m
om

ent on. A
nything above that is lost to the scavenger 

because it is not absorbed anym
ore. A

s sim
ple as that!

B
ut …

 w
ait a m

inute …
 haven’t w

e forgot som
ething? O

f course, the sam
pling line! That 

tiny little tubing that takes gas from
 the patient and brings it to the gas analyzer and helps us 

see w
hat happens in the w

hole system
. If the gas analyzer is diverting the gas to the scavenger 

through its exhaust port, w
e need to com

pensate for that too. If it is returned to the circuit, then, 
theoretically, nothing is lost over there.

 

A
s you saw

 up to now
 all is plain clear. B

ut the paradox starts exactly here: w
e w

ork w
ith 

volatile anesthetic alm
ost on a daily basis. It is our “bread and butter”. A

nd yet, for different 
reasons, m

any practitioners are reluctant to reduce the flow
s.

A
s in m

any other fields of the hum
an activity, an idea cam

e across som
eone’s m

ind m
any 

years before the technical developm
ent keeps pace w

ith the thinking. That m
ethod w

as slow
ly 

forgotten. G
eneration after another doesn’t teach that m

ethod and, w
hen the m

achinery com
es 

to reality, there are alm
ost no teachers to apply the theory.

It happened w
ith the regional anesthesia. The idea w

as there long ago (A
ugust B

ier), but the 
spinal needles w

ere not the sam
e needles w

e know
 today. Think of the LM

A
: in the beginning 

the anesthesia com
m

unity w
as reluctant to use it. W

ould you start an O
R

 today w
ithout an LM

A
 

at hand? A
nd the exam

ples can go on.
The LFA

, how
ever, is very easy to understand. It is the anesthesia w

e are perform
ing every 

day …
 but at a m

uch m
ore logical level. 

A
t this point I need to w

arn every early enthusiast that as any high quality m
ethod, it m

ust 
be understood and applied at slow

 and progressive paces.
The theory is ok, but it m

ust be applied in sm
all aliquots, otherw

ise, instead of enjoying an 
excellent academ

ic and clinical tool, w
e invite disaster through the m

ain gate. It takes tim
e and 

continuity, but at the end every clinician w
ould w

onder how
 he/she w

as ever able to w
ork w

ith 
higher flow

s before.
W

hen starting learning LFA
 a few

 requirem
ents m

ust be m
et:

1. 
Solid reading and understanding of the theory,

2. 
K

now
 your anesthesia m

achine: do you return the sam
pled gas to the circuit? Yes (CCA

)? 
N

o?,
3. 

D
o you use pure oxygen as the carrier gas? Yes? N

o? If you use another gas w
hat do 

you use: A
ir? N

2O
?,

4. 
D

o you have a gas analyzer?

A
ll these elem

ents are extrem
ely im

portant. A
t very low

 flow
s the gas com

position is easily 
influenced by adding or not another gas to oxygen. U

sing N
2O

 lim
its usually the low

er lim
it of 

the total flow
 and precludes the use of C

C
A

 as N
2O

 quickly accum
ulates and dilutes oxygen. 

A
nd the exam

ples can go on.
I describe here m

y ow
n technique. There are m

any other techniques described in literature 
and all are good, as long as the clinician know

 w
hat he/she is doing:

1. 
A

fter i.v. induction and the insertion of the LM
A

/ETT, I open the oxygen tap to 10 tim
es 

the theoretical basal oxygen consum
ption. The vaporizer (I use SEV

) is opened to 8%
. 

2. 
It doesn’t m

atter if you decide to ventilate or let the patient breathe, it w
ill be noticed 

that the ETSEV
 and the M

A
C

 reach 1.5 M
A

C
 in roughly 1 m

inute, but this is only an 
approxim

ation. A
t this point the total flow

 can be reduced at the theoretical oxygen 
consum

ption plus the leaks, but the SEV
 vaporizer m

ust be left open to 8%
. U

sually, a 
sm

all decrease in the M
A

C
 can be noticed but soon after the M

A
C

 w
ill start rising again 

(signaling the vessel rich tissues are alm
ost saturated).

3. 
N

ow
 the SEV

 vaporizer dial can be slow
ly reduced as guided by the gas analyzer. 
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W
ith SEV

 this process usually takes 10-15 m
inutes. H

igher flow
s can speed even further 

this phase (uptake), but this is usually not necessary in an elective surgery. This is the phase 
w

here the patient is scrubbed, covered etc. This allow
s for a sm

ooth uptake and quietness for 
the anesthesiologist that can also com

plete other specific tasks.
It is highly recom

m
ended that w

hoever w
ants to start practicing LFA

 to do it w
ith som

eone 
experienced in the technique. M

y ow
n experience taught m

e that letting the clinician accom
m

o-
date alone to sm

all and progressive reductions in the total flow
 is the best w

ay. In m
any places 

I’ve noticed clinicians com
m

only use flow
s of 1.5-2 liters/m

inute, oxygen + air or oxygen + 
N

2O
. I w

ould suggest reducing both gases in 50 m
l steps each (total 100 m

l/m
in) and just follow

 
w

hat happens on the m
onitor (gas analyzer) and bellow

s or balloon (if the patient breathes). I 
recom

m
end staying at this phase for a w

eek. O
nce a com

fort zone and understanding are reached 
another 100 m

l can be reduced. 
The m

ore the flow
 is reduced the m

ore im
portant is the configuration of the circuit and the 

gas com
position. U

sing only oxygen as the carrier gas m
akes the w

hole process very sim
ple as 

there is no danger of hypoxia. U
sing N

2O
 is m

ore problem
atic as it accum

ulates very quickly 
in the circuit and a hypoxic m

ixture can develop. 
Throughout the years I’ve noticed som

e very interesting things:
1. 

The m
ore the clinician gets experience w

ith the technique, the speed in the steps gets 
faster, that is - the flow

s are reduced every 3 days or so, not one w
eek.

2. 
M

ost clinicians are still reluctant to reduce flow
 to less than 500 m

l/m
in. It is norm

al to 
be a bit fearful after so m

any years of using flow
s 3-4 tim

es bigger than this. B
ut it’s a 

progress anyw
ay.

A
t the hum

an side of the story I w
ish to share w

ith you several questions or answ
ers that 

seem
 to repeat them

selves in alm
ost every place I presented the LFA

. They only show
 that the 

m
ost im

portant and som
etim

es difficult elem
ent in changing things is the hum

an factor.
O

nce I asked a younger colleague w
hy is he using in the m

aintenance phase 1 LPM
 of O

2 
and 2 of N

2O
. H

e replied: I am
 not sure, but this is how

 w
e all do here because this is how

 w
e 

w
ere told to do. 

W
hile addressing the econom

ical aspect of LFA
 (cost reduction can reach as m

uch as 80%
) 

the general answ
er w

as: as long as I don’t pay for them
 w

hy should I bother. Is it so?
A

tm
ospheric pollution w

as another irrelevant elem
ent in our discussion. A

LL the colleagues 
I talked about it had absolutely N

O
 idea w

here the scavenged gases go beyond the O
R

 w
all. 

Even w
hen I told them

 they just go into the atm
osphere they didn’t even blink. Im

agine the 
VA

A
 w

ould leave a trace as the exhaust of a car; then w
e w

ould see them
! C

ould that change 
our practice? Possible.

“B
ut our anesthesia m

achines have leaks; w
e cannot reduce the flow

s as m
uch”. This is an-

other m
antra that com

es again and again show
ing the unfam

iliarity of m
any clinicians w

ith the 
concept that all the calculations m

ust be done only after these leaks are m
easured and com

pen-
sated for. O

f course, using higher flow
s usually com

pensates for everything, but also contributes 
to high losses of VA

A
.

In our days w
e are usually very interested in regional blocks, sepsis, traum

a etc. These are 
im

portant things, no doubt. B
ut little or even no concern is given occasionally to the m

ost used 
G

A
 technique and the w

hole theory of LFA
 that can transform

 com
pletely the w

ay w
e w

ork on 
a daily basis.

A
t tim

es I am
 asked: “W

hat is the best w
ay to apply LFA

?” This is a norm
al question but 

the answ
er is less sim

ple. Im
agine som

eone w
ould ask w

hich is the best w
ay to drive a car from

 
point A

 to B
! O

f course all cars have the sam
e m

ain com
m

ands. B
ut the w

ay w
e drive depends 

on the type of the car, the engine pow
er, traffic, w

eather etc.
The sam

e is valid for LFA
: w

hat patient are w
e having, w

hat is the length of the surgery, 
w

hat conform
ation has the breathing circuit, w

hat are the com
orbidities, if at all? In fact any 

clinician can choose his/her w
ay of reducing the flow

, the m
ost im

portant thing is know
ing w

hat 
you are doing. The rest is only technique.

H
ow

 can w
e convince the now

adays clinician to adopt this technique? There is no definite 
or best answ

er. A
s long as there is no consensus in the D

epartm
ent the LFA

 is cum
bersom

e and 
even potentially dangerous to apply. A

 local policy im
plem

ented by the hospital and the C
hief 

of D
epartm

ent could be a start. Financially or otherw
ise rew

arding the departm
ent or even in-

dividuals could be an idea as w
ell.

For the ones that w
ant to get a very interesting and interactive approach to LFA

 I w
ould 

w
arm

ly recom
m

end the G
asM

an com
puter program

 by D
r. Jam

es Philip. w
w

w.gasm
anw

eb.com
It is also im

portant to m
ention that the m

odern anesthesia w
orkstations (D

rager Perseus, 
iFlow

 M
aquet, G

E Aysis, M
indray A

7 to m
ention only a few

) have features that help “see” w
hat 

the level of econom
y/w

aste w
e are at and som

e eventually reach alone the desired level of flow
 

for optim
um

 gas delivery and m
aintenance.

Suggested literature and sites
1.  “Low

 Flow
 A

naesthesia, The theory and practice of low
 flow, m

inim
al flow

 and closed system
 

anesthesia” Jan A
 B

aum
, 2

nd edition (Eng.) 2001.
2. “Low

 Flow
 A

naesthesia w
ith D

rager M
achines”.

3. The V
irtual A

nesthesia M
achine: https://vam

.anest.ufl.edu/
4. w

w
w

.navat.org
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ell-established w

ays to apply labor analgesia w
hich are practiced 

w
idely, w

ith a sim
ultaneous analytical overview

 of current and influential aspects in the field of 
obstetric anesthesia. In the introduction, attention is paid to the global m

orbidity and the m
orbid-

ity trend in the field of obstetric anesthesia, w
hich show

s positive changes, prim
arily as a result 

of m
ore frequent application of regional obstetric anesthesia in general. The current procedures 

and m
ethods w

ith their specifics have been analyzed, as w
ell as up-to-date data regarding side 

effects, w
hich have been duly addressed. Special em

phasis on the respiratory depression risk 
caused by intrathecal opioid route is considered, w

hose usability is very com
m

on today. From
 

that aspect, the study is conceived as an opportunity for better inform
ation and understanding of 

the current aspects of obstetric anesthesia, w
ith the ultim

ate goal of im
proving the final outcom

e 
of the process of labor, thus im

plicating better w
ell-being for both m

other and new
born.  
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O
bstetric A

nesthesia R
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Today, the inclusion of general anesthesia in obstetrics is represented  in m
uch sm

aller percentage 
than decades before. The increasing popularity of regional as opposed to  general anesthesia w

as 
due not only to its practical and sim

ple application, but also cam
e as a result of a reduced risk 

of serious or fatal com
plications, as observed w

ith general anesthesia. H
istorically, anesthesia 

and the com
plications it caused w

as in sixth place out of the total of m
aternal death causes in 

the U
SA

 (3.3%
). In the next 5 years (1985-1990),  as a result of general anesthesia, there w

ere 
observed 32 deaths (per 1 m

illion births) w
hile w

ith parturient receiving regional anesthesia there 
w

ere a reported 1.9 total deaths per 1 m
illion. A

ccording to recent data, in the period until the 
21st century (the year 2000), total m

ortality rate w
as further decreased and a total of 1,6 deaths 

w
as registered. The conclusion is that the percentage w

as m
ostly a result of the replacem

ent of 
general w

ith regional analgesia ( 1).
Postpartum

 respiratory com
prom

ise, especially in obese patients,  rem
ains a significant factor 

in the obstetric m
ortality rate. To determ

ine the possible causes, a revival retrospective study 
of 5.036 parturient delivered w

ith C
S reports that postpartum

 pain treatm
ent w

ith a m
ultim

odal 
approach of neuroaxial opioids (m

orphine or fentanyl), com
bined w

ith oral analgesics (N
SA

ID
s 

or m
orphine agents), neither led to an increased risk of respiratory com

plications, nor to serious 
respiratory desaturation, so the causes of postoperative respiratory com

prom
ise should be sought 

elsew
here( 2 3 4). Som

e other conditions, such as: early pre-eclam
psia (≤34 w

eeks) ( 5 6), sepsis 
,w

hich show
s a continuously increase to 10%

 per year during the last decade ( 7) and postpartum
 

hem
orrhage (PPH

), are the m
ost com

m
on and the m

ost im
portant factors for perinatal m

ortality. 
A

n interesting fact is that the retrospective of N
ational W

ide Inpatient Sam
ple from

 2013  show
s 

a double increase in serious non-atonic  PPH
 (1.9 / 1,000  in 1999 to 4.2 / 1000 in 2008)  w

hich 
necessitated the need for developm

ent of an urgent strategic and m
ultidisciplinary approach to 

PPH
 protocols, especially in low

-cost countries ( 8).
M

oreover, recent experience reports that the application of classical laryngeal m
ask (LM

) in 
parturient w

ith im
possible or difficult intubation leads to successful resolution in the m

ost of the 
cases (68%

), so LM
 is considered as a valuable alternative for obstetrics airw

ay m
anagem

ent ( 9, 10).
 E

pidural A
nalgesia for Vaginal D

elivery
Epidural analgesia (ED

A
) becam

e particularly popular in the field of obstetrics ever since the 
‘80s of the last century. It has provided superior analgesia over other m

ethods and is still the m
ost 

exploited w
ay for labor pain relief. Epidural continuous infusion of low

 concentrated anesthetics 
com

bined w
ith lipophilic opioid, has proved to be very effective for m

aternity pain relief, w
ith 

an excellent control of the intensity and duration of labor pain w
ith m

inim
al m

otor blockade ( 11).
For adequate pain relief of the birth process in the first stage of labor, w

hat  is required is epi-
dural sensory block to T10 level, w

hile T 4 level is required for eventual C
S. In the second labor 

stage, w
here som

atic labor pain is predom
inant, analgesia at the sacral S2-S4 level is required. 
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There are tw
o w

ays of initiating the epidural analgesia in labor. C
lassical or traditional ap-

proach m
eans that epidurals initiate w

hen labor have m
oved to its active phase, m

eaning a 3-5 
cm

 m
inim

al cervical dilatation w
ith regular uterine contractions. Liberal access allow

s earlier 
epidural adm

inistration, alongside w
ith the beginning of the first labor pains w

ithout taking 
account of the beginning of regular uterine contractions, w

hen  the m
em

branes are ruptured and 
an oxytocin infusion is started. C

om
paring the early (cervical dilation <4-5 cm

) w
ith the delayed 

(classical) initiating of epidural (cervical dilation> 4-5 cm
), the m

ulticenter C
ohrane analytical 

study conducted in 15.752 parturient receiving early or late epidural (C
ochrane, M

ED
LIN

E 
and Em

base data base analysis until 2014), reports that there w
as no difference both in term

s 
of increased percentage of instrum

ental / operational com
pletion of labor (C

S) or am
ong the 

second stage duration of these tw
o regim

es of epidurals. It w
as also reported that the neonatal 

param
eters (A

pgar <7 at the 1st and 5th m
in an pH

) w
ere not significantly different betw

een 
the groups, so it is benefitial for the parturient to adm

inister and start the epidural analgesia 
w

ith the appearance of the  first labor pains regardless of the labor progress, or in cases of risky 
pregnancy w

hen the presence of a functional catheter enables avoiding general anesthesia that 
w

ould pose a risk for her ( 12).
The question about w

hether epidural m
ay lead to an increased rate of operative or instrum

en-
tal delivery or second stage prolongation and the factors that contribute to this phenom

enon has 
still rem

ained a present topic of the controversy. The usage of a m
ixture of low

 concentrations of 
local anesthetic (0.125 -0.0625%

 bipivacaine) w
ith lipophilic opioids (m

ostly fentanyl 1-5 μgr 
/ m

l or sufentanil 0.2-0.5 μgr / m
l), reduces these negative influences over labor, as w

ell as the 
prolongation of the second stage or instrum

ental labor procedures, thus forcing such a m
anner 

of application. A
pplication of 1%

 lidocaine or chloroprocaine 2%
 in the first labor stage leads to 

faster action com
pared to bupivacaine enabled, but they have shorter-action and can cause intense 

m
otor blockade. A

m
ong all of the used anesthetics bupivacaine is still the m

ost com
m

only used 
anesthetic for epidural analgesia during labor.

W
hen com

paring the tw
o m

ost exploited ED
A

 regim
es - interm

ittent bolus dosage versus 
continuous epidural labor infusion, revival system

atic studies report that the interm
ittent bolus 

dosage at regular interval periods im
proves both the painless quality and m

aternal satisfaction 
com

pared to the continuous infusion; additionally it com
es that this regim

e m
oderately reduces 

the total anesthetic am
ount  com

pared to continuous infusion.
N

ow
adays, using the infusion pum

ps  and perfusors in the form
 of PCEA (patient-controlled 

labor epidural analgesia) is an available option in m
any m

aternity hospitals.The delivery of the 
analgesic m

ixture controls the parturient itself - w
hen pressing a button on the pum

p w
ith the 

onset of the first labor pains. Total volum
e, speed of delivery and safe period of locking (lock-out 

period) is program
ed from

 the m
anufacturer, anesthesiologist or partly from

 the parturient. M
ost 

often, analgesia activation at the second labor stage (S2-S4) is carried out w
ith an additional 

dosage of the m
ixture in a sem

i-upright position, w
hen the m

onitoring of blood pressure is nec-
essary and a possibility of additional IV

 crystalloids is expected ( 13).
Q

uality of labor analgesia: unfortunately, epidurals do not alw
ays guarantee com

plete lack 
of labor pains and m

other satisfaction. Thangam
uthu  A

. et al. in a study w
hich included 1.521 

m
others w

ith a high 23%
 failure rate, have constructed a standard definition of a failed ED

A
 that 

is w
idely accepted as a guide for success in obstetric anesthesia ( 14). The greatest failure rate of 

ED
A

 occurs for the follow
ing reasons:

1. 
inadequate analgesia in the first 45 m

inutes of the start of the epidural procedure,
2. 

re-insertion of the epidural catheter or other epidural problem
s w

hen placing the catheter  
(cancellation of the procedure),

3. 
accidental dural puncture,

4. 
general dissatisfaction am

ong parturient of both  ED
A

 or obstetric service.

O
n the other hand, giving the epidural analgesia by experienced anesthesiologists (≥5 years 

of experience), insertion of epidural catheter betw
een 5-6 cm

 in the epidural space com
pared 

to  <5 cm
 or > 6 cm

 and good quality of labor analgesia in the first 45 m
inutes, leads to high 

percentage of success and satisfaction am
ong the parturients. The tim

ing of the day, duration 
of the labor, cervical dilation or the position of the parturient during insertion of the epidural 
catheter are factors that do not affect the quality of labor analgesia( 15).

The m
ost com

m
on com

plications during analgesia still rem
ain to be follow

ing: 1. the m
otor 

w
eakness of the legs w

ith difficulty of standing or w
alking, 2. difficulty to urinate, 3. pruritus, 4. 

nausea and vom
iting w

hen using higher opioid doses, 5. hypotension as the com
m

on early effect 
of regional anesthesia and 6. fever independent of infection (6-23%

). D
ural m

em
brane perforation 

w
ith postdural puncture headache (PD

PG
) still rem

ains one of the m
ost frequent com

plications 
of neuraxial labor anesthesia. The treatm

ent of PD
PG

, according to the latest C
ohrane’s R

evue 
study from

 2013, indicates that cosyntropin at a dose of 1 m
g IV

 adm
inistered after delivery, 

enables m
ost effective PD

PG
 treatm

ent and is show
n to be significantly m

ore effective than 
m

orphine, caffeine, indom
ethacin, IV

 am
inophylline or dexam

ethasone ( 16).

Spinal Single-shot A
nalgesia for Vaginal D

elivery
Single-shot analgesia for painless delivery is an alternative m

ethod of epidural analgesia and 
is m

ainly chosen w
here there is no service of labor epidural analgesia. The lim

ited duration of 
the analgesic effect and the inability for additional analgesia particularly in the second stage of 
labor are lim

iting factors for its m
ore spired usage. Spinal block w

ith local anesthetic can affect 
both am

bulation of the m
other and pushing efforts of parturient m

ore than epidurals. B
ecause 

of that, spinal analgesia should be applied only w
ith advanced labors w

ith appropriate cervical 
dilatation or w

hen there is an obstetric decision for surgical com
pletion of delivery, w

hen spinal 
anesthetic dosage has to provide adequate conditions for operative delivery (C

S).
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Spinal analgesia w
ith intraspinal opioids (intrathecal narcosis, ITN

) is based on the appli-
cation of spinal opioids w

ithout local anesthetic. Spinal opioids (unlike local anesthetics) act 
on the so-called opioid receptors on the posterior roots of the m

edulla w
ith no blockage of the 

sym
pathetic nervous system

, so no m
ajor hypotension or m

otor affection, or influence over 
pushing efforts appears. Such m

anner of ITN
 is useful for high-risk m

others w
here functional 

sym
pathectom

y caused by regional anesthesia present a high risk (hypovolem
ia, various heart 

diseases e.g. aortic stenosis, tetralogy of Fallot, pulm
onary hypertension, etc.). Furtherm

ore, ITN
 

com
pared to intravenous analgesia probably causes less em

etic sym
ptom

s and leads to better 
neonatal outcom

e ( 17, 18, 19, 20). 
ITN

 is used in sm
all doses of lipophilic opioids: 10-25 m

cg fentanyl, 5-10 m
cg sufentan-

yl,  10-12 m
g of m

eperidine (pethidine, dolantin) or hydrophilic m
orphine. The optim

al ‘sin-
gle-shot’ intrathecal dose of m

orphine appears to be 0.075-0.15 m
g and the ideal ‘single-shot’ 

epidural m
orphine dose is 2.5-3.75 m

g( 21).  IV
 adm

inistration of m
orphine does not provide fast 

analgesia onset (over 20 m
inutes), but ow

ns prolonged action for nearly 4 hours of labor anal-
gesia, w

ith som
ew

hat higher incidence of side effects, prim
arily nausea and vom

iting, pruritus 
or late respiratory depression ( 22). A

nalgesic efficacy studies have not been adequately pow
ered 

to show
 differences in the incidence of clinically significant respiratory depression, though the 

risk of serious depression is low
, less than associated w

ith the system
ic opioid adm

inistration 
(9). R

espiratory depression w
as previously thought to result from

 the interaction of opioid in 
the cerebrospinal fluid w

ith ventral m
edullary opioid receptors. M

ore recently, the pre-B
ötzing-

er com
plex located in the m

edulla has been identified as the site responsible for the decrease 
in respiratory rate follow

ing system
ic adm

inistration of opioids. N
eurons in the pre-B

ötzinger 
com

plex expressing neurokinin-1 receptors are selectively inhibited by opioids, and therefore 
the sam

e are the m
ediators of opioid-induced respiratory depression. From

 that point of view
, 

researchers have recently focused on non-opioid drugs such as serotonin receptor agonists. Early 
evidence suggests that am

pakine (A
M

PA
) receptor m

odulators and sodium
/proton exchanger 

type 3 inhibitors, m
ay be effective at reducing opioid-induced respiratory depression w

hile 
m

aintaining analgesia, but further w
arrant studies are needed. C

aution should be exercised 
w

hen prescribing system
ic opioids (intravenous or oral) in addition to neuraxial m

orphine as 
this can com

pound the potential for early or delayed respiratory depression. O
pioid antagonists 

such as naloxone used to prevent or treat opioid-induced respiratory depression have num
ber 

of lim
itations(25). 

Spinal anesthesia w
ith a m

ixture of local anesthetics w
ith opioid has com

bined synergistic 
effect, w

hich deepens and prolongs analgesic effect, thus reducing the total anesthetic am
ount 

and the risk of possible com
plications. In practice there are m

ore possible com
binations: 2.5 

m
g 0.5%

 bupivacaine plus 25 m
cg fentanyl that acts synergistically and provide an excellent 

analgesic effect lasting longer than 2 hours. A
dding the m

ixture of hydrophilic opioid (m
orphine 

0.15m
g) provides prolonged analgesic effect for nearly 4 hours.

A
dequate safety studies for intrathecal tram

adol have not yet been published, but Subedi et al 
reported on im

proving spinal analgesia for C
S in a trial of 80 patients receiving tram

adol. These 
researches reported that adding 10 m

g intrathecal tram
adol versus 10 μg intrathecal fentanyl to 

hyperbaric bupivacaine (10 m
g) increased the m

edian duration of postoperative analgesia (300 
vs. 260 m

in, p< 0.05). The intrathecal tram
adol group also had less shivering (5%

 vs. 43%
 in-

cidence; p<
 0.05), and there w

as no negative im
pact on neonatal A

pgar scores, fetal pH
 status 

or other neonatal scoring ( 23).

C
om

bined Spinal-epidural analgesia (C
SE

)
C

SE com
bines the advantages of both m

ethods: a rapid onset of spinal analgesia w
hich con-

tinues epidural application. It is useful for m
others w

ith intense labor pain early in the labor 
stages or before delivery. It is believed that C

SE analgesia w
as introduced for reduction of som

e 
undesirable side effects of ED

A
: the risk of prolongation of the second delivery stage, increased 

use of oxytocin stim
ulation or because of the greater incidence of instrum

ental vaginal delivery 
seen w

ith ED
A

. C
SE can increase m

obility during labor and can provide faster analgesic effect 
com

pared to ED
A

, w
hich in total contributes to greater m

aternal satisfaction.
If an intrathecal opioid given, analgesia is prolonged w

ithin 1-2 hours; w
hen the pain recurs, 

analgesia is established by giving a local anesthetic (w
ith or w

ithout opioid) by the epidural 
route. M

any com
binations are possible for use, but the m

ost exploited one used a m
ixture of 

1-2.5 m
g bupivacaine + fentanyl 20-25 m

cg(5 m
cg sufentanil) in 1.5 m

l volum
e and added 

epidural: 0.08-0.125%
 bupivacaine + fentanyl 2 m

cg / m
l 10 -15 m

l fractionated or continuous 
infusion 8-20 m

l / hour.
The Cochrane-revival study, w

hich included 27 other studies in the relevant m
atters w

ith 3274 
parturient, show

s that C
SE com

pared to ED
A

, ow
ns higher efficiency in relation to the beginning 

of the analgesic effect (m
ean difference 2.87 m

inutes). The need for additional analgesia and 
the rate of instrum

ental delivery, as w
ell as the urinary retention, also increased in som

e studies 
w

hen C
SE w

as applied ( 24 ). W
hen com

paring both m
ethods, there are no significant differences 

in term
s of m

otor w
eakness or m

obilization of m
others during labor, the rate of C

S, frequency 
of PD

PG
, hypotension or neonatal A

pgar scores and um
bilical pH

 values. H
ow

ever, one can 
conclude  that there are no com

pelling reasons for favoring C
SE over ED

A
 in term

s of better 
m

aternal satisfaction, apart  from
 faster onset of action and a som

ew
hat lesser degree of pruritus. 

B
ut significantly m

ore frequent occurrence of urinary retention, need for additional analgesia and 
com

m
on instrum

ental procedures, leads to the conclusion that C
SE offers no clear advantages 

over epidural that w
ould justify the reasons for replacing traditional epidural analgesia( 25).

R
egarding postoperative analgesia w

ith adding bilateral transverses abdom
inis plane (TA

P) 
block to the m

ultim
odal post–cesarean delivery pain m

edication regim
en (intrathecal m

orphine, 
N

SA
ID

S or acetam
inophen plus opioids) for breakthrough pain, the opinion of long-lasting 

postoperative analgesic benefits w
as not supported ( 26, 27).
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C
onclusion

This study prim
arily evaluates the established w

ays in labor analgesia, as w
ell as the range of 

actual influential w
ork regarding obstetric labor analgesia. It pays attention to the anesthesia 

risks and factors that affect obstetric m
orbidity and m

ortality rate, also com
paring different an-

esthetic regim
es for labor analgesia and accentuated factors that contribute to the quality of labor 

analgesia. It also em
phasizes the m

ost recent findings about side effects of regional analgesia 
m

ostly w
ith references to opioid respiratory depression.
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Студијата прави пресек на етаблираните начини  на родилното обезболувањ
е ш

то се 
практикуваат наш

ироко, со истовремен осврт на актуелните и влијателни сознанија од 
акуш

ерската анестезија. В
о воведниот дел, се обрнува внимание на опш

тата стапка на 
актуелниот морбидитет и мортaлитет во акуш

ерската анестезија, кој дож
ивува позитивни 

промени, пред сѐ како резултат на зачестената примена на регионалната анестезија во 
акуш

ерството. А
нализирани се одредени методи и специфики за родилното обезболувањ

е, 
како и современи сознанија за етиологијата на несаканите ефекти, со посебен осврт на 
ризикот од респираторната депресија предизвикана од интратекалната примена на опиоиди 
која денес многу често се применува. О

д тој аспект, изнесените ставови се мож
ност за 

подобро информирањ
е и разбирањ

е на современите аспекти на акуш
ерската анестезија, 

а се со крајна цел да го подобрат крајниот исход од родилниот процес кај двете битија: 
мајката и плодот. 

к
лучни зборови: акуш

ерство, аспекти, процедури, родилна аналгезија. 
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Introduction: A

xillary status is an im
portant prognostic factor for the breast carcinom

a. The 
introduction of a m

inim
ally invasive procedure for determ

ining the axillary status, detection and 
biopsy of the sentinel lym

ph node (SLN
D

), gives us the possibility to rem
ove only one node. 

This can predict condition of the other nodes. Possibility of occurrence of the skip m
etastasis in 

axillary pit, can give w
rong result for the occupancy at the axillary pit.

A
im

: A
nalysis of the 144 patients surgically treated for breast cancer by one surgeon in 2015 

in order to assess percentage of skip m
etastasis.

M
aterials and m

ethods: W
e analyzed the histopathological results of 144 patients surgically 

treated  by one surgeon, w
here level (1-3) of  the lym

ph nodes in axillary pit intraoperatively 
w

ere determ
ined and m

arked.
R

esults: There w
ere analyzed 144 patients, w

ith m
ean age of 57.3 years, w

ith an average 
size of the tum

or of 29,54m
m

 + 18.89, w
ith an average rem

oved of 15.45 lym
ph nodes, and from

 
the third floor  2.61. Thus positive for m

etastatic deposits w
ere 3.76,  and positive from

 the third 
level w

ere 0.37. O
nly at tw

o patients (1.38%
) there w

ere detected skip m
etastasis (affected 1-2 

nodes in first level and positive nodes in the third level, but there w
as no patient’s positivity in 

the third level if there w
as no positive nodes in the first and second level).

C
onclusion: The percentage of  skip m

etastasis in our study w
as 1.38%

,  w
hich is really a sm

all 
percentage, that gives us right to apply the m

ethod for sentinel lym
ph node detection and biopsy 

for predicting axillary status and to predict the real situation of the other nodes in the axillary pit.
K

ey w
ords: axillary lym

phadenectom
y, breast cancer, skips m

etastasis
C

o
r
r
e
s
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o
n

d
in

g
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u
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Introduction
A

xillary status is an im
portant prognostic factor for the breast carcinom

a. The introduction 
of a m

inim
um

 invasive procedure for determ
ining the axillary status, detection and biopsy 

of the sentinel lym
ph node (SLN

D
), gives us the possibility to rem

ove only one node. This 
can predict condition of the other nodes. (1, 2) The possibility of the occurrence of the skip 
m

etastasis in the axillary pit, situation w
here m

etastases from
 breast cancer skip, jum

p lym
ph 

nodes w
hich are on the w

ay of spreading, and to go to next level of lym
ph nodes, can give 

w
rong result for the occupancy at the axillary pit. (3) This is the reason to explore our m

a-
terials for persistence of the skip m

etastases and if the sam
e persist how

 m
any are present 

in our m
aterial.

A
im

 
The aim

 of the study w
as to detect persistence of the skip m

etastases from
 breast cancer in axil-

lary pit in the operative m
aterials of patients surgically treated by one surgeon in the year 2015.

M
aterial and M

ethods
W

e analyzed, in the retrospective study, histopathological results of 144 patients surgically 
treated for breast cancer at the U

niversity C
linic for Thoracic Surgery in 2015, by one surgeon, 

w
hereby intraoperatively level (1-3) of  the lym

ph nodes in axillary pit w
ere determ

ined and 
m

arked. R
adical surgical treatm

ent of the breast (radical m
astectom

y or quadrantectom
y) 

w
as done at patients,  follow

ed w
ith radical lym

phadenectom
y of three levels of axillary pit. 

Each level of the axillary pit w
as m

arked, as later can be exam
ined separately. A

ll param
e-

ters, of the patients´ history and param
eters from

 histopathological findings w
ere put in the 

com
puter program

 Statistica 7, w
here the statistical analysis w

ere done. The basic statistical 
analysis w

as done.

R
esults

There w
ere analyzed 144 patients, w

ith m
ean age of 57.3 years, w

ith an average size of the 
tum

or of 29,54m
m

 + 18.89, w
ith an average rem

oved of 15.45 lym
ph nodes, from

 first level 
w

ere rem
oved m

ean 7,88; from
 second level w

ere rem
oved m

ean 4,95 and from
 the third 

level - 2,61. 
Thus positive lym

ph nodes for m
etastatic deposits in w

hole axillary pit w
ere m

ean 3.76,  
positive from

 the first level w
ere m

ean 2,23; from
 the second level w

ere positive m
ean 1,16  and 

positive from
 the third level w

ere 0.37. 
O

nly in tw
o patients (1.38%

) there w
ere detected skip m

etastasis (affected 1-2 nodes in the 
first level and positive nodes in the third level, but there w

as no patient’s positivity in the third 
level if  there w

as no positive nodes in the first and the second level).

Table 1. The m
ain characteristics of the analyzed patients (n=

 144) M
±SD

 
M

ean
SD

A
ge

57.3
12.8

M
ean

SD

Tum
or size (m

m
)

29.54
18.9

N
%

A
xillary status

N
0

64
44.4

N
+

80
55.6

A
xillary pit level

N
egative pit findings

Positive pit findings

I
64 (44,4%

)
80  (55,6%

)

II
90 (62,5%

)
54  (37,5%

)

III
121 (84,0%

)
 23 (16,0%

)

A
xillary pit level

M
ean negative nodes

M
ean positive nodes

I
5.65

2.23

II
3.80

1.16

III
2.43

0.37

H
istology

N
%

D
uctal

117
81.2

L
obular

4
2.8

O
ther

23
16.o

G
rade

N
%

1
7

4.9

2
110

76.4

3
27

18.7

Stage
N

%

0
1

0.7

I
26

18.1

II
71

49.3

III
46

31.9

D
iscussion

Lym
ph drainages from

 the breast are w
ell docum

ented up to now, w
here m

ain drainage (80-95%
) 

is in the lym
ph nodes in the axillary pit, and the sm

all am
ount especially from

 the m
edial parts 

of the breast w
ere drained in lym

ph nodes located parasternaly, to lym
ph nodes located along 

arteries m
am

m
ary intern. M

inim
al am

ount of lym
ph liquid w

as derivated to contra-lateral breast 
and subdiaphragm

atic. (4,5)
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  Picture 1
. Lym

ph drainage of the breast

Lym
ph drainage in the lym

ph nodes in axillary pit is in five gropes of nodes (pectoral, sub-
scapular, lateral, central and subclavicular). From

 practical and surgical point of view
 lym

ph 
nodes in the axillary pit are derived in three levels: I  level (laterally from

 lateral border of m
inor 

pectoral m
uscle, II level contains lym

ph nodes that w
ere under m

inor pectoral m
uscle, and III 

level  (top of the axilla) w
here the lym

ph nodes w
ere located in m

edial position from
 the m

edial 
border of the m

inor pectoral m
uscle.(4)

 
 

           Picture 2. Spread of lym
ph drainage from

 the breast

In the past there w
ere m

ade several studies w
ith the aim

 to exam
ine the lym

ph drainage of 
the breast. They w

ere perform
ed on cadavers, but also in the patients, w

here different fluids as 
radiocoloid or different types of colors-m

etilen blue w
ere used.(1,2,5) These studies w

ere m
ore 

frequent especially after 1990, after introducing the sentinel node biopsy technique. In these 
studies, lym

ph drainage w
as presented to be m

ainly through lym
phatic that gone to axillary pit 

80-98%
, 5-20%

 to lym
ph nodes w

hich w
ere up to a. m

am
m

ary intern, retrosternally, especially 
from

 m
edial parts of the breast, retrom

am
m

ary in dept w
ere detected at 17%

  and 3-6%
 w

ere 
spread to contra lateral breast, and sm

all am
ount drainage w

ere in subdiaphragm
atic lym

ph 
nodes.(6) M

uch m
ore w

ere exam
ined the w

ay of spreading of lym
ph in the axial, and it w

as seen 
that m

ainly there w
as successive spread, first in first lym

ph node in the I level- nam
ed sentinel 

lym
ph node, than in other lym

ph nodes in I level, than in lym
ph nodes in II level and at the end 

in lym
ph nodes in III level. A

fter that, the spread is in supraclavicular lym
ph nodes. This is the 

basic thesis for introducing sentinel lym
ph node biopsy technique. (1,2,5) G

iving radiocoloids 
in the breast (subareolar, perialeolar, intraparenhim

ic, peritum
oral), these radiocoloids w

ere 
detected after 2-4 hours in the first drainage lym

ph node-sentinel lym
ph node in axillary pit. 

The sam
e situation is also w

ith giving color-vital blue or m
etilen blue, w

here giving perareolar 
or peritum

oral 10 to 20 m
inutes before surgery, there w

ere detected colors in the first drainage 
lym

ph node- sentinel lym
ph node, in the axillary pit. (1, 2) D

etection, extraction of this lym
ph 

node, and histological exam
ination of this lym

ph node m
ake possible to detect, thus the breast 

cancer involve this lym
ph node or if this lym

ph node w
as not involved w

ith m
etastases, it is 

possible to assum
e that the other lym

ph nodes w
ere not involved w

ith m
etastases and in these 

patients it is possible not to do axillary lym
phadenectom

y. (1,2)

Picture 3. N
orm

al spread of m
etastases, radiocoloid and m

ethilen blue from
 breast to axillary lym

ph node

B
ut in practice, it is not so easy, and the spreading is not alw

ays in this w
ay. So, in the lit-

erature, in the study Pasta detected SLN
D

 in 86%
 in the lym

ph node of I level, 8,6%
 in II level 

and 2,8%
 in III level.(7) H

euts detected SLN
D

 in 98%
 in axillary pit, in 20%

 in the lym
ph node 

according a. m
am

m
ary intern.(8,9,10,11) In patients w

ith previous surgery before, especially if 
the  surgery w

as in the upper lateral quadrant, there w
as present no sentinel lym

ph node in ax-
illary pit. In few

 cases, in exam
ination w

ith static G
am

a cam
era, it w

as show
n that after giving 

radiocoloids, the contrast w
as gone dow

n in the subdiafragm
atic parts of the body.(6,7)  

The appearance of the abnorm
al spread of the m

etastases in lym
ph nodes in axillary pit is not 

w
ell exam

ined. There w
ere few

 hypothesis, that as abnorm
al lym

ph channel that goes directly 

PRESEN
CE O

F TH
E SKIP M

ETASTASIS IN
 TH

E AXILLARY PIT IN
 PATIEN

TS U
N

D
ERG

O
IN

G
 SU

RG
ERY O

F PRIM
ARY …



|  60  |
N

um
ber 2. N

ovem
ber 2017  |  61  | 

M
acedonian Journal of Anaesthesia

from
 breast to second or third level of lym

ph nodes, or abnorm
al lym

ph channel that avoids 
som

e lym
ph nodes in norm

al w
ay of lym

ph drainage in the axillary pit.(3, 12)

Picture 4. Abnorm
al, discontinued (skip) spread of m

etastases from
 breast to axillary lym

ph node

In the literature there w
ere few

 publications about the skip m
etastasis. Sun J- analyzed 1502 

patients and detected skip m
etastases in 7,9%

 of all analyzed patients, or in 14,6%
 of the patients 

w
ith positive m

etastases in axillary lym
ph nodes.(3)  This is situation that gives large percent 

of false negative detected SLN
D

 (up to 25%
). A

lso he couldn’t associate the appearance of the 
skip m

etastases w
ith any factor. (3)

Rossen PP- analyzed 1228 cases w
ith breast cancer and detected skip m

etastases at only 1,6%
, 

and this condition is not associated w
ith the size of the tum

or, its localization or the histology.(12)
Loyd LR

- detected skip m
etastases in1,6%

 of all patients, or 3,2%
 at positive for m

etastases 
axillary lym

ph nodes. This percent is relatively sm
all to decide to do axillary lym

phadenectom
y 

at all patients.(13)
So, the technique of detecting and biopsy of the first drainage lym

ph node (sentinel lym
ph 

node) has possibility to give w
rong results, w

hich w
ere result of spreading to other pools (para-

sternal, contra lateral breast, subdiafragm
atic spread), but also of appearing of skip m

etastases in 
the other parts of axillary pit. These are the reason for success rate of detection of sentinel node 
to be in the range betw

een 80 to 99%
, w

ith possibility of false negative results of 3 to 10%
.(1,2)

In our study w
e detected skip m

etastases in only tw
o cases (1,36%

) or 2,5 %
 of patients w

ith 
positive axillary findings, w

hich is low, and w
e can use SLN

D
 biopsy safely.

C
onclusion

The percentage of skip m
etastasis in our study w

as 1.38%
,  w

hich is really a sm
all percentage, that 

gives us right to applay the m
ethod for sentinel lym

ph node detection and biopsy for predicting 
axillary status and to predict the real situation of the other nodes in axillary pit.
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п
с

т
ра

к
т

в
овед: А

ксиларниот статус е значаен прогностички фактор кај малигномот на дојка. 
В

оведувањ
ето на минимално- инвазивната процедура за определувањ

е на аксиларниот 
статус, детекција на ж

лезда страж
ар, овозмож

ува отстранувањ
е на една ж

лезда која ќе 
ја манифестира состојбата на останатите ж

лезди. П
остоењ

ето на мож
ност за појава на 

скокачки метастази мож
е да даде погреш

на претстава за заф
атеноста на ж

лездите во 
аксиларната јама.

ц
ел: А

нализа на историите и патохистолош
ките резултати од 144 пациенти оперирани 

од еден хирург во 2015 година од малигном на дојка со цел да се процени колкав е процентот 
на скип метастази во наш

иот материјал.
м

атеријал и м
етод: А

нализирани се патохистолош
ките резултати од 144 пациенти 

оперирани од еден хирург, при ш
то интраоперативно се определени и маркирани спратовите 

(1-3) на лимфни ж
лезди во пазувната јама.

резултати: В
о анализата се опфатени 144 пациенти, со средна возраст од 57,3 ± 12 

години, со просечна големина на тумор од 29,54мм ±18,89, со просечно извадени 15,45 
лимфни ж

лезди, а само од III спрат 2,61. П
ритоа, позитивни на метастатски депозит биле 

средно 3,76±6,25, а позитивни од III спрат биле 0,37±1,26. С
амо кај два пациенти (1,38%

) 
се детектирани скокачки метастази (зафатена 1-2 ж

лезди во прв спрат и позитивна ж
лезда 

во трет спрат, а нема ниту еден пациент позитивен во трет спрат а да нема позитивни 
резултати во прв и втор спрат).

заклучок: П
роцентот на скокачки метастази во наш

иот материјал е 1,38%
 ш

то е 
навистина мал процент, кој овозмож

ува сигурна примена на методот на детекција на 
ж

лезда страж
ар во пазувната јама.

к
лучни зборови: детекција и биопсија на ж

лезда страж
ар, скип метастази, статус на 

аксиларана јама.
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Introduction
M

assive bleeding is a m
ajor concern of liver resection. A

n increased intraoperative transfusion 
of blood com

ponents and large am
ounts of fluids can be adm

inistered due to m
assive bleeding. 

The tendency to overfill vascular bed and large am
ount of blood transfusions is recently reported 

to be associated w
ith w

orst outcom
e and increased m

ortality rate (1-4). D
ecreased liver function, 

liver failure, m
ajor liver tissue traum

a, and prim
ary liver tum

or, m
ay be associated w

ith abnorm
al 

coagulation. W
e report a case of a patient undergone to left lobe resection for suspected hepatic 

cell carcinom
a.

C
ase R

eport
The patient K

. J., 75 years old w
hite m

an, w
ith no previous m

edical history, w
as recovered in 

our institute and diagnosed w
ith left liver lobe tum

or. The preoperative consult w
as unrem

ark-
able. C

ardiac, respiratory, and liver exam
inations w

ere w
ithin lim

its. B
lood gases and the other 

biochem
istry exam

ination w
ere w

ithin norm
al lim

its. The angio-C
T scan exam

ination (Fig 1, 
2) revealed left lobe tum

or sized 65 × 52 m
m

. Tum
or m

arker C
a 19-9 w

as 91240 U
/m

l (norm
al 

values ≤ 35 U
/m

l).Fig 1                                                                                          Fig 2

The patient w
as prem

edicated w
ith oral D

iazepam
 10 m

g the night before the surgery, and 
m

orphine sulfate 10 m
g intram

uscularly 30 m
inutes before the induction of the anesthesia. In 

operating room
, after peripheral venous cannula w

as inserted, right radial artery and right internal 
jugular vein w

ere cannulated w
ith a 20G

 arterial cannula and 7.5 F central venous catheter. A
 fast 

track anesthesia w
as m

ade (Fentanyl 5 m
cg/kg, Propofol 2 m

g/kg, cis-atracurium
 0.15 m

g/kg). 
M

onitoring included standard m
onitoring, central venous pressure and invasive blood pressure 

m
onitoring. The anesthesia w

as m
aintained w

ith propofol and rem
ifentanil infusion, and cis-at-

racurium
 w

as used as needed. The anesthesiologist tended to m
aintain C

V
P 5-6 cm

 H
2O

. The 
surgical technique consisted of large incision (Fig 3), preparation of the liver and large vessels 
(Fig 4), and anatom

ic left lobe resection (Fig 5, 6). A
fter the resection, left lobe w

as sent for his-
topathology exam

ination (Fig 7). D
uring the surgery, the estim

ated bleeding am
ount w

as 2000 m
l 

in 10 m
inutes due to dam

age of one suprahepatic vein. There w
ere adm

inistered 3 blood unites, 
3 FFP units, crystalloids (saline, ringer) 2000 m

l, and 1000 m
l of colloids. N

orepinephrine and 
dopam

ine infusions w
ere used to stabilize hem

odynam
ics. Tranex w

as adm
inistered to enhance 

the coagulation. A
fter 6 hours of surgery, the patient w

as successfully extubated in O
R

 w
ith nor-

m
al vital signs. A

fter the surgery the patient suffered a transitory liver dysfunction dem
onstrated 

by album
in level of 2.1, PT 33.6%

, IN
R

 1.945, A
ST 712, and A

LT 2356. H
epatic function w

as 
norm

alized in the 4-th postoperative day.  The patient w
as discharged uneventful on 8-th post-

operative day, being referred to the gastrohepatologist and the oncologist for further follow
 up.

 

Fig 3                                                      Fig 4

 
Fig 5                                                    Fig 6                                                    Fig 7
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D
iscussion

M
onitoring 

Liver surgery and especially large liver resection needs careful and strict m
onitoring. It is re-

cently reported that standard m
onitoring according A

SA
 guidelines is m

andatory, but invasive 
m

onitoring of central venous and arterial blood pressure are routinely recom
m

ended. A
rterial 

access is of great im
portance not only to m

easure the blood pressure, but for frequently blood 
gases and biochem

istry analysis as w
ell. The recom

m
ended m

onitoring w
as perform

ed in our 
patient. Tw

o large-bore intravenous cannulas are usually inserted in order to facilitate fluid ad-
m

inistration, as w
e did in our case. C

entral venous pressure (C
V

P) m
onitoring can serve as guide 

for fluid m
anagem

ent and hem
odynam

ic m
anipulation. In the patients w

ith cardiac dysfunction 
it is not so reliable, but can be assem

bled w
ith the other m

ethods judging for circulating volum
e. 

A
 hyperdynam

ic state w
ith increased cardiac index, decreased system

ic vascular resistance, and 
augm

ented splanchnic blood flow
 m

ay persist preoperatively (5). This increased blood supply 
to the residual liver parenchym

a ensures rapid grow
th. Signs and sym

ptom
s of the heart fail-

ure can easily be overlooked as they m
im

ic those of cirrhosis and liver failure. Transthoracic 
echocardiography is useful to m

easure right ventricular systolic pressure and also show
s the 

cardiac changes. W
e had no access on TEE. R

apid infusion and cell saver devices are generally 
useful. Throm

boelastography (6) and R
otating Throm

boelastom
etry are useful to m

onitor all 
the coagulation’s disorders, but unfortunately w

e did not have this device in our departm
ent. 

W
e used standard laboratory m

onitoring of coagulation profile. Throm
boelastom

etry (TEM
, 

previously nam
ed rotational throm

belastom
etry/-graphy) presents the viscoelastic m

ethod for 
blood coagulation testing (7) TEM

 tests all the interactions of coagulation factors, anticoagulant 
drugs, blood cells, platelets, and fibrinolysis. TEM

 is perform
ed w

ith the R
O

TEM
 w

hole blood 
analyzer (Tem

 Innovations G
m

bH
, M

unich). They allow
 testing in the presence of therapeutic 

heparin concentrations and provide differential diagnostic inform
ation to support decisions in 

therapy. A
pplication of TEM

 at the point of care (PO
C) or in em

ergency laboratories becam
e gold 

standard. TEM
 gives inform

ation about both hypo- and hyperfunctional stages of coagulation and 
hyperfibrinolysis. C

lose coagulation m
onitoring during liver surgery can decrease the am

ount 
of bleeding and blood transfusion (8). Strict m

onitoring helps the anesthesiologist to m
aintain 

good hem
odynam

ic profile and fluid balance. Avoiding overfilling can m
inim

ize bleeding and 
blood transfusions (9). The use of cell saver m

achine can m
inim

ize bleeding and blood transfu-
sions too (10). A

ntifibrinolytics has been recently extensively studied (11-13). H
yperfibrinolysis 

m
ay be faced liver surgery and orthotopic liver transplantation (O

LT), increasing intraoperative 
blood loss. Epsilon am

inocaproic acid (EA
C

A
), tranexam

ic acid (TA
), and aprotinin are used 

in order to m
inim

ize bleeding.  W
e adm

inistered 2 gram
s of Tranex (tranexam

ic acid) during 
surgery. A

ntifibrinolytics m
ust be used very carefully in order not only to reduce bleeding and 

blood transfusions, but also to take present throm
boem

bolism
 risk. 

Stabilizing H
em

odynam
ic

Portal hypertension and hyperdynam
ic profile are responsible for increased risk of bleeding, but 

our patient had no altered liver test and no previous hepatic dysfunction or illness. It is report-
ed that hepatic venous pressure plays an im

portant role in blood loss during liver surgery. So 
controlling C

V
P is a crucial m

ethod in order to reduce intraoperative bleeding (14, 15). Several 
authors recom

m
ended a C

V
P under 5 cm

 H
2O

 (16, 17). M
assicotte et al supported that plasm

a 
avoidance, fluid restriction and low

 C
V

P, phlebotom
y, m

inim
izing blood transfusions, m

ay im
-

prove survival after liver transplantation (18, 19). W
e tended to m

aintain CV
P under 5-6 cm

 H
2O

. 
U

sing total intravenous anesthesia (propofol and rem
ifentanil), and nitroglycerine, w

e induced 
venodilation. B

eing very careful to adm
inister right am

ount of fluids, w
e avoided overfilling 

the patient. So low
 C

V
P w

as due to vasodilation, avoid overfilling, and avoid PEEP.  Excessive 
decreased C

V
P can induce hem

odynam
ic instability and increased risk for air em

bolism
 (20), 

and usually treated w
ith fluid boluses, vasoconstrictors (phenilephrine, norepinephrine), and/

or inotropes as dopam
ine, epinephrine. In our patient w

e used norepinephrine and dopam
ine 

according to hem
odynam

ic param
eters, associated w

ith sm
all boluses of ephedrine and phenile-

phrine. Intraoperative period w
as unrem

arkable till the dram
atic m

om
ent of m

assive bleeding 
(2000 m

l in 10 m
inute) due to suprahepatic vein dam

age.
A

s a conclusion CV
P less than 5 cm

 H
2O

 is generally recom
m

ended (21).This can be realized 
through fluid restriction, no aggressive unnecessary correction of coagulation’s disorders (fresh 
frozen plasm

a, platelets), and avoiding all the above m
entioned situations that can increased CV

P.

Preventing further L
iver function D

eterioration
H

epatic vascular supply is a contribution of venous blood from
 portal vein and arterial one 

furnished by com
m

on hepatic artery. Venous blood supplies 60%
 of blood influx and 40%

 of 
oxygen, w

hereas arterial blood 35-40%
 of total hepatic blood am

ount enriched w
ith oxygen 

(60%
 of oxygen that goes to the liver). The anesthesiologist m

ust ensure good volum
e status and 

m
ean arterial pressure 60-75 m

m
H

g. This hem
odynam

ic profile is essential to prevent hepatic 
further dysfunction. It is m

andatory to avoid all the hepatotoxic drugs as acetam
inophen and 

halogenated inhalator anesthetic drugs. A
nother m

echanism
 contributing in hepatic dam

age is 
ischem

ia-reperfusion injury. H
epatic protection can be done by N

-acetilcysteine. N
evertheless, 

stabilization hem
odynam

ic and optim
ize liver tissue oxygenation are m

ost im
portant anesthetic 

m
easures (22). G

entle surgical m
anipulation and short ischem

ia period can help liver to m
aintain 

its functions.

Postoperative C
are

Postoperatively w
e took care about hepatic and renal function, postoperative pain, possible 

hypoglycem
ia, and vital param

eters. The incidence of hepatocellular insufficiency varies from
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1-3%
 (23). O

ur patient suffered a transitory hepatic dysfunction, but the situation resolved in 
4-th postoperative days. W

e avoided use of acetam
inophen for controlling the pain as w

ell. 

C
onclusions

M
ajor liver resection presents a big challenge to the anesthesiologist. Intraoperative bleeding and 

liver function protection are im
portant issues the anesthesiologist m

ust address. Avoiding aggres-
sive correction of preoperative coagulation’s disorders, fluid restriction regim

en, m
aintaining low

 
C

V
P, can guarantee less bleeding and im

proved patient’s outcom
e. Finally a m

ultidisciplinary 
team

 (gastrohepatologist, surgeon, and the anesthesiologist) is m
andatory to successfully treat 

these patients.
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