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ABSTRACT

Peripheral parenteral nutrition (PPN) is the method of nutrition support to avoid the
risks of central venous catheterization. The problem with PPN, however, is
thrombophlebitis; for instance, in a previous study it occurred within 40 hours in 100%
of patients at Ramathibodi hospital who had received PPN via a peripheral vein. This
problem brings about patient suffering and increases nursing workload in giving care
and inserting new catheters. This study was designed to prove that a new cyclic
infusion technique — as compared to the standard continuous PPN of 1,430 kcal/d and
804 mOsmol/L— can prevent or delay the onset of thrombophlebitis without
compromising the nutritional status of patients. It was also designed to investigate the
psycho-somatic impact of cyclic infusion on patients. A prospective control trial was
conducted in 32 patients who suffered from major gastrointestinal problems and
required PPN support. Patients in the control group (n=16) were continuously fed
PPN over 24 hours for five days, whereas patients in the experimental group (n=16)
were fed PPN over 16 hours for five days except for 8 hours at nights. There was no
difference between groups in the severity of disease (APACHE Il score) and
nutritional status (SGA) at the beginning of the study. The onset of thrombophlebitis
was 38 hours in the continuous group and 84 hours in the cyclic group (P<0.001).
After five days of infusion, prealbumin levels (P<0.001), vitamin B1, B2 and vitamin
C status (P<0.05) were significantly increased in both groups. However, there was no
significant difference in levels of the two groups. All patients in the cyclic group
preferred the cyclic technique because they could have adequate sleep at night as well
as freedom of movement. The nurses said that the cyclic method reduced their work
load during the night. In conclusion, infusion duration is an important factor in the
development of thrombophlebitis. The cyclic technique significantly delays the onset
of thrombophlebitis without affecting nutritional status.

KEY WORD: PERIPHERAL PARENTERAL NUTRITION / PARTIAL
PARENTERAL NUTRITION / NUTRITIONAL STATUS
CYCLIC TECHNIQUE / THROMBOPHLEBITIS / PSYCHO-
SOMATIC IMPACT

102 pp. ISBN 974-04-5308-2




Fac. Of Grad. Studies, Mahidol Univ. Thesis /v

[ A, Y o ] 4 o [
Naeummmmgﬂam%ma“lwmmwmwaemﬁammu‘u"luﬁuu‘jmmwaamﬁaﬂmmu
Uagoandns 1Mo na VeI ADAIADA, uazﬂ%’uﬂ;mnzmﬂmmmi LATNANITNY

Aoanmziwmenazinlivesdilie  (EFFECT OF  MODIFIED  PARTIAL

PARENTERAL NUTRITION (PPN) ADMINISTRATION TECHNIQUES ON
THE PREVENTION OF THROMBOPHLEBITIS, THE NUTRITIONAL
STATUS AND PATIENTS’ PSYCHO-SOMATIC IMPACT)

5 293 lany 4536918 RANU/M
m.u.(Insumans)

a a 4 v a J -4 aa
AUSNITUMIAIUANINGIUNUD. AU Iﬂllu‘ﬂi, W4, @ﬁqﬂ (314] ’ﬂiﬂll?]i]@]i, W.1.,

%

WUTIA NAINRYY, W,

UNANYD
Y A o 1 o = o_ 1 o J Y a A o 1
ms Idemsnanaeaideaduu liauysainavasadeadidiuilmeinezne Iinailym vaeadoaddiu
agdniauauemsfnuimaiiavasadeadidnaylulsinennasunuanmuumuinioo%vedilen
Yo A o 1 a A o w @ q’;’ = ;& 9
ldsvemisnaasaideadidiuilarn manzvasadeamdnauniely 40 wu. auinlumsdnyiiseld
o A A A QY 1 v ' o A o 1 = @
guiumaiengnildmunmsiensomsuun liauysaimavasadeamidiuiaelasiiszeziinaunso
Hestumsnannzdnduvesnasadoadiuas hishliannzmalasnmsasauiioisuiums e msma
A ° ll o an Ay 1A o = [ a PXl
vaoadead wuy liauysal laedTinasgui lifiszein aaeasudnumansznuaesumenazialivesdile
4 9 ye A o a o = = v Yy A Y o 91 o
o ldasvenismanasadeadi lasliszoziin msdnil Idiludihendiinluvedihedasnssulsanena
a Al v a d' v Yo A o 2 '
swispafithedelsamuduemsigunswazdesldsuemsnanasadeasiuiu 32 audagn miaiu 2
nqu nquaz 16 au 1dun nquildsuemsmanasadeaduuudeiiosly 24 §1Tus waznnuiiszeziing
< ' = @ ' o RG]
I lugrnanduduna s Ju (804 mOsmol/l) neumsliarsazaromsmanasadandinyd1 il
9
ANMVUANANTZHINANINTUUTIVOI 15 ALAZANIZNI IAFINITTININNRAGY  HaMSANEINDNTZEZ
' A o A ° oAy Y o o ' oAy v A
Aeumsnamsdniduvesrasadoai lunqui Tduuumgaiin (8441 1u9) s1aundnguit lduuuserios (38
< | Aw oo w aa o o o o ] .
Flue)  egntsdIAyNNada naimsiennsmanasaideaduiunaisiunudar - prealbumin
I v
(p<0.0001) wazanznielasuimsvedmiuiinil, faes uazdaiug (p<0.0001) ludihensdos
' § 4 aw oo aa ' < ™ ' ' : 4
nqugeuedeiiedyneada g lsiawlilianuuananszninnguluFesesanizmalasnms
= gy Yy Ay o A o = o = v Ao 1 A
waz lumsnufidanungihen Idsvemsmanasaideadi Tasiiszeziinynauiiane lanu3Tasna e snin
v MY A 4 v , A4 y A S o '
annsonay ldainuaznaen v laazainlugnaniuiengaliomsmavasaidien uonamingiwuh
aaq Y A o ~ @ [ A ] = = 9
It o msmanasaidend Iasiiszeziin lusianarsauannsoaanmsznuvesneialugansan lasndae
4 '
namsAniinuhszeznaivasadeaduiaiuasazarailuilivddy lumsiianizvasadeamsniay

v
v o A

= Y = o = o a A o w Y =
N ‘Ll’J‘ﬁfﬂi1ﬂﬂWﬁWiﬁaﬂﬂmﬂﬂﬂWIﬂE}Mi$U$Wﬂﬁuﬂiﬂﬂf%ﬁ@izElm’m'lﬂ']ilﬂﬂﬁaf)ﬂ!,ﬂﬂﬂﬂ1ﬂﬂL?f’LIhlﬂf)iﬂﬂll

@

Wedwyneada lae lidawansznuaeanng Invuimsvesdie

o

102 w111 ISBN 974-04-5308-2




CONTENTS

ACKNOWLEDGEMENTS
ABSTRACT (ENGLISH)
ABSTRACT (THAI)
LIST OF TABLES
LIST OF FIGURES
LIST OF ABBREVATIONS
CHAPTER

1 INTRODUCTION

2 LITERATURE REVIEW
Thrombophlebitis
Nutritional status
Psycho-somatic impact

3 MATERIALS AND METHODS
Patients
Method
Data collection
Protocol schedule
Data analysis

4 RESULTS
Patient characteristics
Thrombophlebitis
Nutritional status
Patients’ psycho-somatic impact

Nurses’ opinion

Page

11
15

16
17
19
22
23

24
26
29
36
36



CONTENTS (cont.)

5 DISCUSSION
Thrombophlebitis
Nutritional status
Patients’ psycho-somatic impact
Nurses’ opinion

6 CONCLUSION
REFERENCES

APPENDIX
BIOGRAPHY

vii

Page

40
42
46
47

48

49

56
91



4-10

4-11

LIST OF TABLES

Patient characteristics at base-line

Cumulative incidence of thrombophlebitis in both techniques
according to 12 hour-interval

Distribution of the onset of thrombophlebitis in different
administration techniques

Nutritional status parameters between 2 groups after PPN
administration

Anthropometric data of 32 surgical patients before and after
PPN administration

Status of visceral proteins in 32 surgical patients

before and after PPN administration

Prevalence of low prealbumin levels among patients with
different surgical status

Serum electrolyte and macro element levels of patients before
and after PPN administration

Serum lipid, liver enzymes, and renal function tests of patients
before and after PPN administration

Blood vitamin levels in surgical patients before and after PPN
administration

Psycho-somatic impact on patients between different techniques

Page

25
27

28

30

31

32

33

33

34

35

38



LIST OF FIGURES

Figure

4-1  Diseases in 32 surgical patients

4-2  Kaplan-Meier of the cumulative probability of
the occurrence of thrombophlebitis, from the time
since catheterization of the peripheral vein

4-3  Nutritional status classified by Subjective Global
Assessment (SGA)

4-4  Changes of percentage of low albumin, total protein
and prealbumin levels of 32 patients after given PPN

4-5  Prevalence of vitamin deficiency before and after
PPN administration

4-6  The psycho-somatic impact in 32 patients

4-7  Patients’ psycho-somatic status in the cyclic group

4-8  Nurses’ workload in handling of the cyclic PPN as

compared to continuous PPN

Page

25

27

31

32

35

37

38
39



LIST OF ABBREVIATIONS

AC

APACHE Il Score

BMI

BUN

CA

CBC

EGRA

ETKA

HAD

Hct

hr

mg

ml

mmol

MAC

Activity coefficient

Acute physiology and chronic health evaluation
1l score

Body mass index

Blood urea nitrogen

Cancer

Complete blood count
Erythrocyte glutathione reductase activity
Erythrocyte transketolase activity
Gram

Hospital Anxiety and Depression
Hematocrit

Hour

International unit

Intravenous

Kilocalorie

Liter

Milliequivalent

Milligram
Milliter
Millimole

Mid arm circumference



PG

PPN

SGA

TPPE

TSF

WBC

LIST OF ABBREVIATIONS (cont.)

Prostaglandin

Partial parenteral nutrition
Subjective global assessment
Thiamin pyrophosphate effect
Triceps skinfold thickness

White blood cell

Xi



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Nutrition) / 1

CHAPTER 1
INTRODUCTION

Malnutrition causes a negative outcome in hospitalized patient by
increasing morbidity, mortality, length of stay and costs (1-5). Recently, Correia et al
in 2003 (6) reported the prevalence of hospital malnutrition in Latin America to be
50.2 percent (ELAN study). In 1980, Tanphaichitr et al (7) showed that 73.2 percent
of hospitalized patients in Ramathibodi Hospital were malnourished. However, 15
years later, Komindr et al in 1995 (8) also found that the prevalence of hospital
malnutrition in Ramathibodi hospital was still high though it had decreased to 52.6
when compared with the previous study. Unfortunately, most patients admitted under
stress conditions have been given only simple volume replacement with 5-10%
Dextrose in a half-strength physiological solution without adding any amino acids.
Therefore, it is anticipated that a great number of these patients may have poor
outcome.

Malnutrition in surgical patients is associated with delayed wound
healing and increased risk of morbidity and mortality. Many studies showed that good
preoperative nutritional status helped to prevent early and late postoperative
complications and reduce the length of hospital stay (1-5,9). Parenteral nutrition, a way
of nutrition support, is necessary for gastrointestinal dysfunctioned patients. The use
of parenteral nutrition is important for the prevention and treatment of many disease
states. It refers to provision of partial or total nutrient requirements through the venous
system. Total parenteral nutrition (TPN) is the infusion of a parenteral nutrition that
contains high concentrations of dextrose, amino acids, electrolytes, vitamin and trace
elements, delivered through a central venous catheter into a large vein (10-11).
Unfortunately, TPN administration causes many serious complications, for examples,
catheter malposition, air embolism, pneumothorax, subclavian or superior vena cava
thrombosis and septic complications (12-16). Peripheral parenteral nutrition (PPN)
refers to a partial nutritional solution that involves the infusion of low osmolarity

dextrose, amino acids, electrolytes, vitamin and trace elements that infused through
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peripheral vein. However, PPN may only meet partial nutritional requirements and is
used for short-term(i.e.,less than 14 days) or supplemental nutrition support (11,17-
18). PPN can be used as a holding regimen to avoid the risks of central venous
catheterization, to simplify the nursing care, to reduce cost and may also prevent delay
in the initiation of nutrition support.; but PPN is not routinely suggested in
hypercatabolic patients with increased energy requirements, or in long-term nutritional

support patients.
The advantages of PPN are that (19)
1) Venous access can be obtained at bedside by standard venepuncture methods.

2) The complications tend to be less serious than those associated with central

venous catheter.

However, the uses of this form of nutrition support are not without
problems. Thrombophlebitis is the most common local complication and a major
problem in PPN. Kocharsanee et al in 2002 (20) reported the prevalence of
thrombophlebitis in PPN patient in Ramathibodi hospital to be 100% (score 1 of
Maddox criteria) within forty hours. Therefore, this study were designed to investigate
the technique to reduce or delay thrombophlebitis.

Not only thrombophlebitis but nutritional status were investigated also.
Plenty of evidence have showed the benefit of TPN, however, only little benefit on
nutrition have been showed in PPN. This study delinated the benefit of 5 days PPN
administration on the nutritional status. Quality of life in PPN patients are also
interesting, no other reports investigated the psycho-somatic impact of PPN patients.
However, many patients receiving home total parenteral nutrition during the night
often complained of fatigue ability and daytime somnolence. It is possible that the
infusion of TPN during nocturnal sleep hours may interfere with normal sleep patterns
(21). Consequently, this study investigated to the effect of cyclic method on the
quality of sleep and mobility during the night in cyclic patients.
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Objectives
1. To prove that the cyclic technique of PPN with intravenous cannula in situ can
prevent or delay the onset of thrombophlebitis.
2. To compare the nutritional consequence between cyclic PPN and continuous
PPN group.
3. To investigate the impact of the cyclic infusion technique on the patients’
psycho-somatic status.
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CHAPTER 2

LITERATURE REVIEW

Thrombophlebitis

Thrombophlebitis is characterized by pain and tenderness along the
course of the vein, erythema and inflammatory swelling with a feeling of warmth at
the site of catheter insertion. An inflammation of a vein relates to a chemical or
mechanical irritation, or both (12,22-24).

Pathophysiology of thrombophlebitis

When the vein wall is injured, platelet phopholipase A2 will be
stimulated to prostaglandin PGE2 and PGD2 which increase vascular permeability and
hydroxyeicosatetraenoic acid (HETE) and thromboxane B2 (TXB2) which are
chemotactic for PMN leucocytes. PGG2, PGH2 and thromboxane A2 are other
platelet-produced arachidonic acid metabolites which are active as platelet aggregating
or releasing agents and involved at endothelial surface. The mediators released in
response to venous irritation may stimulate vasoconstriction. Based on
vasoconstriction, the flow blood in the vein is decreased. The irritant infusates are not
rapidly diluted, together with stasis, this would induce thrombophlebitis (11-
14,22,24).

Predisposing factors

The aetiology of peripheral thrombophlebitis appears to be a combination of
factors.

1. Chemical factor
Duration of infusion

Bier in 2000 (25) confirmed the effect of infusion duration on the development
of thrombophlebitis. He suggested that osmolarity of the infusion can approach 1000
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mOsm/l if the duration of infusion was only a few hours. Moreover, the infusion
should be diluted to reduce the osmolarity, even if an increase in infusion rate was

necessary.
Flow rate

Many authors suggested that the rate of infusion is important, with it being
advantageous to give irritant solutions quickly. Kuwahara et al, 1997 (26) concluded
that a hypertonic solutions should be infused in clinically acceptable high rate because

increasing the infusion rate reduced the rate of thrombophlebitis.
Osmolarity

The incidence of thrombophlebitis is related to the osmotic content of infused
solutions. Early studies of PPN using crystalline amino acid and glucose-based
solutions found 100% of thrombophlebitis rates when the osmolarity is increased
above 600 mOsm/I. Many authors suggest that the osmolarity should not exceed 800-
1000 mOsm/I (23-24,26).

pH

The pH of solutions is an important factor. Kuwahara et al (27) suggested the
tolerable pH for the peripheral vein to be 6.49, and this pH did not cause
thrombophlebitis. Acid is produced by amino acids and the degradation products of
glucose formed during heat sterilization. There is experimental evidence
demonstrating an association between increased acidity and the phlebitic potential of a

variety of infusates (28).
2. Physical factors
Catheter (13,29-31)

Properties of the infusion catheter that influence the development of

thrombophlebitis include diameter, length and material.

Type of catheter: The catheter material is also important. With polyurethane catheters,
the incidence of phlebitis is reduced significantly compared with polyethylene.
Williams et al, 1996 (31) investigated that a 22 or 23G ‘ultrafine’ catheter was

associated with a low incidence of thrombophlebitis(15 percent). Polyurethane
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catheters might be slightly superior to silicone catheters because they are stronger and
have a larger internal diameter for the same external diameter. Large-gauge catheters

are associated with the thrombophlebitis compared with small-gauge catheters.

Catheter placement-site: There are high incidence of thrombophlebitis at the flexures
of veins. Placement across joints made the cannula moving within the vein during

flexion and extension causing endothelial damage (32-33).
Vein size

Vein size is an equally important factor as cannula size to develop the
thrombus. The larger vein has a grater blood flow around the insertion site, then the
infused fluids will be dispersed quickly. Based on this reason, the appropriate vein of
choice for PPN are the basilic and cephalic veins of the arm (34).

Particulate matter

It was thought that the increased incidence of thrombophlebitis was caused by
the presence of particles in the solution. Therefore, some authors recommended the
use of filters in the infusion tubing. However, Rypins et al (35) showed the effect of
chemical properties in parenteral nutrition solution to be more important than bacteria

or particulates.
3. Mechanical factors
Trained nurse

Laundgren et al (32) found reduction of complications in handling of
peripheral intravenous lines such as thrombophlebitis rate and infection problem after

the nurses had finished their education programme.
4. Others
Hematocrit

There is only one report about the relationship between higher hemoglobin
levels and the risk of thrombophlebitis which was published in 1999 by Monreal et al
(36). They hypothesized that by lowering the blood flow in the veins, a high
hematocrit would reduce the dilution of irritant solution. Nevertheless, they suggested

that further studies were needed.
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Sex

Female has poor-quality peripheral veins than male (13,37).

Age

Hastbacka et al in 1965 showed a tendency for the incidence to lower in
younger age groups,whereas Aldman and Garsten in 1996, Swanson and Aldrete in

1969, Dinley in 1976 were unable to show a consistent trend between age and
incidence of thrombophlebitis (13).

Factors implicated in development of thrombophlebitis.(12-16,23,26,38)
Administered drug pH Osmolarity
el

Infusion rate — 3 Chemical «——— Duration of infusion

Other 4— Sex

\Hematocrlt
Particular matter

Thrombophlebitis Physical / Trained nurse

\\ Vein size

Site of cannula placement  Equipment

- needle or cannula size
- infusion set material

Mechanical «——— Bacterial factor

\ - cannula material
/ - trauma venepuncture

Sterile equipment

Aseptic techniques

Prophylactic measures against thrombophlebitis. (13,18,20,24,33,39-40)
1. Buffering
Buffer solutions such as sodium bicarbonate can reduce the risk of

thrombophlebitis. Since sodium bicarbonate is included to neutralize the solution pH
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to nearly physiologic conditions. Although the solutions have theoretic and some
clinical value, risk of physiochemical incompatibilities is increased. The addition of
sodium bicarbonate to increase the solution pH, changes the solubility of calcium and
phosphate and the precipitation reaction is enhanced.
2. Topical glyceryl trinitrate

Glyceryl trinitrate ointment applied over the site of infusion can reduce
the incidence of thrombophlebitis. It promoted an in situ vasodilation and stimulated
the synthesis of prostacyclin which was a potent inhibitor of platelet aggregation.
Nevertheless, glyceryl trinitrate have been reported to cause skin reaction and

headache.

3. Topical Nonsteroidal Anti-inflammatory drugs

Prostaglandins and related compounds are involved in the process of
thrombophlebitis. Aspirin, indomethacin and phenylbutazone inhibit prostaglandin
synthesis, so NSAIDs are used as an antithrombogenic agent. However, no trial has
proved the use of topical NSAIDs in patients receiving PPN. Therefore, some authors
concluded that there was insufficient evidence to warrant the routine use of either

treatment at present.

4. Other topical agents

Aloe vera gel is used for preventing and reducing thrombophlebitis.
Therapeutic abilities of Aloe vera gel are penetrate tissue, dilate capillaries and
enhance blood flow. It can be anti-inflammatory agent via the inhibitory action of

arachidonic acid cyclooxygenase pathway.

5. Hydrocortisone

Hydrocortisone is selected as an additive to PPN for its ability to
produce an anti-inflammatory effect on epithelial cell. The effect of inhibiting the
action of phospholipase and eicosanoid synthesis, produced fewer inflammatory
stimuli. Nevertheless, the side effect of steroid is very harmful so steroid is not

appropriate for long term used.

6. Heparin
Heparin is added to prevent the formation of a fibrin clot around the tip
of the cannula in the vein. It may also alter the surface property of the venous
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endothelium and impair the development of thrombophlebitis. The systematic review
and meta-analysis of randomised controlled trials in 1998 (41) evaluated the effect of
heparin on duration of catheter patency. Randolph et al concluded that keeping the
peripheral venous catheter patent by 10 1U/ml of heparin did not reduce the incidence
of thrombophlebitis. When 1 1U/ml of continuous infusion heparin was given,
however, the risk of thrombophlebitis decreased and the duration of patency was
increased. However, the admixture of heparin to a PPN solution containing lipid may
alter the stability of lipid emulsion, leading to flocculation of PPN solution and

formation of a complex with calcium.

Nevertheless, there were some evidences showing the synergistic effect
of heparin and corticosteroids in reducing thrombophlebitis. Messing in 1986 (42)
showed the beneficial effect of heparin 1000 (IU/I) and hydrocortisone (5 mg/l) on 960
mOsm/l of PPN solution. The thrombophlebitis incidence were reduced from 82% to
6% within 48 hours. Whereas heparin 1000 1U/l, thrombophlebitis were reduced to
42%. Madan et al,1991 (24) showed a reduction in the incidence of thrombophlebitis
by adding the IV infusate with heparin and hydrocortisone. They found that the
addition of heparin (500 1U/I) and hydrocortisone (5 mg/l) significantly reduced the
daily risk of thrombophlebitis from 0.43 to 0.11 episodes per patient. Kane et al in
1996 (43) investigated the effect of 500 1U/I of heparin in parenteral nutrition, found
no significant difference between groups of normal osmolarity (1200 mOsmol/l) and
higher osmolarity (1700 mOsmol/l). However, the infusion of heparin or
hydrocortisone cannot be routinely recommended for PPN unless physical and
chemical stability studies have been undertaken with nutrient formulation.
7. Lipid

The incidence of thrombophlebitis is reduced by lipid. Lipid is added
directly to the PPN solutions. It can protect the lining of the vein because it promotes
improved tolerance from the buffering and dilutional effects of the isoosmolar lipid
with the higher pH of the amino acid solution. Many in vivo studies performed with
the soybean oil fat emulsion indicate that some medicine, electrolytes, vitamins and
amino acid solutions may be added to fat emulsions. These results are not conclusive
enough to be referred to clinical practice.
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8. Rotation of venous access sites

The incidence of infusion phlebitis is minimized when PPN is
administered with rotation of venous access sites. Kerin et al in 1991 (44) compared
continuous with rotation techniques in 51 PPN patients. By resiting the catheter arm
every 24 hours, the thrombophlebitis incidence was reduced from 41% to 18%. Weiss
et al in 1975 (40) investigated the effect of infusion duration on thrombophlebitis
incidence. The results of their study demonstrated clearly that the incidence of

thrombophlebitis can be significantly decreased by rotating the veins used.

9. Rotation with cyclic techniques

When a vein is exposed to the solution for a shorter duration the
incidence of thrombophlebitis should be reduced especially when there is a rest period
when no solution is given. Nordenstrom et al, 1991 (45) were the first to explain the
effect of infusion techniques on incidence of thrombophlebitis. Their
recommendations were to use a short, thin plastic cannula and completed the daily
nutrition within 12-h, removed the cannula immediately after completing the infusion.
The contralateral arm was used in the next 12-h. They reported the incidence of
thrombophlebitis to be 18% with a mean duration of 5 days of PPN. Kerin et al in
1991 (44) compared the incidence of thrombophlebitis under difference techniques.
The continuous infusion in 24-h had a higher rate of the incidence(41%) in 7.5 day
whereas rotation with cyclic infusion in 12-h (reinsertion) had 17.6% of
thrombophlebitis in 8.2 day. May et al in 1996 (29) randomized 60 patients to four
groups. They found the effect of infusion time in rotation with cyclic technique of
venous access sites. There was no incidence of thrombophlebitis during 7.5 days of
PPN admission (0%). This technique was 12-h infusion at night, and immediately
removed postinfusion. Then, PPN was restarted 12-h later through a contralateral arm.
While ‘heparin-locked and left cannula in situ technique’, to solve the complaint of
patients in reinsertion problem, had 33% of thrombophlebitis incidence. The control
group in this study were 24-h PPN infusion. There were 62% of thrombophlebitis in
control group in this study. (Osmolarity of PPN was 640 mOsmol/l). Palmer et al in
1996 (30) compared two methods of PPN administration (the same PPN regimen in
May ,1996). PPN via 18G teflon over 12-h at night, immediately removed catheter

postinfusion, PPN was recommended 12-h later in the contralateral arm, so allowing
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each forearm a 36-h period free from nutrient solution. There was no incidence of
thrombophlebitis in this group within 7.9 days. The other group received 24-h
continuous PPN via 23-G flexane catheters showed 17% occurrence of

thrombophlebitis within 8.6 days (the same group of May,1996 report).

Consequently, many authors agreed that the low incidence of
thrombophlebitis was due to the limited periods of exposure of the veins to the cannula
and its infusate. In addition, patients felt free during the rest period between
intravenous infusions. The quality of life of patients was improved (30). The
combination between intermittent intravenous infusion and rotation of venous access

sites would be beneficial.

Nutritional status

Malnutrition is a disorder of body composition characterized by macro-
and/or micro-nutrient deficiencies and resulting from an insufficiency intake or an
increased demand for, or altered use of nutrients. Malnutrition leads to reduced organ
function, abnormal results of blood chemistry tests, reduced body mass, poor clinical
outcomes and higher mortality.

According to the literature, 50-70% of hospitalized patients in Thailand
have some degree of malnutrition (7,8). Malnutrition in hospitalized patients is a
consequence of several factors eg. previous nutrient deficiencies due to socio-
economical problems, the underlying disease and lack of awareness of the patient’s
nutrient requirements and the importance of nutritional therapy of the medical teams
(D).

Nutritional assessment have been defined as a comprehensive approach
to defining nutritional status such as physical examination, anthropometric
measurements, laboratory data; and professional judgment. A comprehensive
nutritional assessment would include evaluation of the patient’s history of eating
patterns, dietary restrictions, weight changes and any influences on nutrient intake,
physical assessment for body composition, fluid status, and signs and symptoms of
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nutritional deficiencies; biochemical tests, such as for albumin, prealbumin, and

analysis of body composition such as grip strength (46).

Subjective global assessment (SGA) (1,46)

Subjective global assessment is a clinical method of assessing the
nutritional status of patients. It covers a patient’s nutritional history from body weight
changes to functional capacity alterations. SGA composes of these information:

1. Loss of body weight.
Altered food intake.
Changes in gastrointestinal symptoms.
Functional capacity.

The disease and its relation to nutritional requirements.

o g b~ w N

Physical examination.

7. Nutrition status rank.
Furthermore, SGA correlates with anthropometric and biochemistry data in
hospitalized patients. Sungurtekin in 2004 (47) suggested that SGA techniques can be

used for nutritional assessment in hospitalized patients.

Anthropometry
Body weight and weight loss

Body weight is a simple measure of total body mass. It is used to
calculate body mass index (BMI). BMI is obtained by dividing the weight (in
kilograms) by the height squared (in meters). BMI and weight loss are recommended
and widely used to assess the nutrition of patients entering the hospital. The normal
values for BMI are 18.5-24.99 kg/m?. Loss of body weight has been related with poor
nutritional status, morbidity, and mortality. A loss of more than 10% of usual body
weight suggests malnutrition. However, weight loss alone may not have any
nutritional significance, since it is influenced by a wide range of confounding factors,
mainly changes in hydration status (1,48).
Skinfolds and circumferences

Anthropometry measured as skin folds and arm circumferences

represent body compartment measurements of adipose tissue and muscles. The
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measurements of body composition are relatively fast, noninvasive, and require the
minimum of equipment compared to laboratory techniques. Indices of body
composition are used in clinical settings to identify hospital patients with chronic
under- or overnutrition, and to monitor long-term changes in body composition during
nutritional support (1,49). Skinfold thickness measurements are said to provide an
estimate of the site of the subcutaneous fat depot, which in turn provide an estimate of
the total body fat. This measurements are best made using precision skinfold thickness
calipers. The site most frequently used to obtain a single direct measure of body fat is
the triceps skinfold. The measurement of the triceps skinfold is performed at the
midpoint of the upper left arm, between the acromion process and the tip of the
olecranon, with the arm hanging relaxed (49).

On the other hand, the fat-free mass is a mixture of water, protein, and
minerals, with muscle serving as the major protein stores. Assessment of muscle
protein can therefore provide an index of the protein reserves of the body. The
decrease in mid-upper arm circumference may reflect either a reduction in muscle
mass, a reduction in subcutaneous tissue, or both. Changes in mid-upper-arm
circumference measurements can also be used to monitor progress during nutritional
therapy, correlating positively with changes in weight. Arm circumference changes are
easy to detect and require a minimal amount of time and equipment. The measurement
is taken at the midpoint of the upper left arm, between the acromion process and the
tip of the olecranon (49). Powell-Tuck (48) compared mid-upper arm circumference,
body mass index and weight loss as indicator of undernutrition in the hospitalized
patients. They found that the mid-upper arm circumference correlated closely with
BMI and was easier to measure and gave a better prediction of poor outcome.
Moreover, Butter in 1996 (50) suggested that the relationship among a physical
examination and anthropometric measurements of subcutaneous fat tissue by calipers
should be performed. If any changes in body weight are noted, a determination of the
laboratory parameter (such as prealbumin, albumin and creatinine levels) can confirm
the state of nutritional deficiency.

Functional tests
Functional tests assess the nutritional status by examining the muscle.

The handgrip dynamometry are used as tools of nutritional assessment. The muscle
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activities is linked to cell energetics and it has been showed that the skeletal muscle
function can be rapidly altered by undernutrition (1).

Biochemical tests

Hepatic proteins such as albumin, transferring, retinol binding protein
and prealbumin have been used as nutritional markers.

Albumin is one of the most extensively studied proteins. Several
studies have shown the correlation between a low albumin concentration and an
increased morbidity and mortality. Serum albumin represents an equilibrium between
hepatic synthesis and albumin degradation and losses from the body. Once albumin is
released into the plasma, its half life is about 21 days. In a steady state, a total of 14g
(200 mg/kg) albumin are synthesized and degraded, everyday. The normal range for
serum albumin is 3.5-5 g/dl. Albumin might be altered due to factors other than
malnutrition, such as in hepatic disorders protein losses and acute infection or
inflammation. Therefore, albumin is a poor tool to assess nutritional deficiencies or to
measure the effectiveness of nutritional support (1).

Prealbumin, also referred to as transthyretin, is a transport protein for
thyroid hormone. It is synthesized by the liver and partly catabolized by the kidneys.
Normal serum prealbumin concentrations range from 16 to 40 mg/dl; values of < 16
mg/dl are associated with malnutrition. Prealbumin levels will be increased in the case
of renal dysfunction, steroid therapy or dehydration whereas physiological stress,
infection, liver dysfunction and overhydration can decrease prealbumin levels. The
half-life of prealbumin (two to three days) is much shorter than that of albumin,
making it a more favorable marker of acute change in nutritional status (46).

The deficiencies of water soluble vitamin such as vitaminB1, B2, and C
are frequently found in hospitalized patients. They are used in metabolism of macro-
nutrient, especially, in TCA cycle. When carbohydrate is administered, the utilization
of vitamin is increased. Lemoine in 1980 (51) found 25% of patients were vitamin B1
deficiency,11% of B2 and 14% for vitaminC. The results of thiamin deficiency are
beriberi, acute heart failure with high cardiac output, anemia and severe lactic
acidosis. Clinical symptoms of riboflavin deficiency (52) are oral mucosal and tongue

alterations, glossitis, ocular changes, dermatological changes, neurological alterations,
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hematological dyscrasia. Clinical manifestations of ascorbic acid are scurvy,
weakness, potential hemorrhages in the skin, ecchymoses, gingival and subperiosteal
hemorrhages (49).

Psycho-somatic impact

There are many quality of life studies in home TPN, however, less
studies have been done in PPN. Palmer et al in 1996 (30) reported the result of the
hospital anxiety and depression scale (HAD) scoring method in rotation with cyclic
technique PPN. They found no difference between control and rotation with cyclic
groups. However, they suggested that fewer patients who had rotation of venous
access sites complained of mobility restrictions.

The severity of illness was evaluated with the acute physiology and
chronic health evaluation (APACHE II) score. An APACHE Il score is determined
from points based upon the patient’s chronic health history, age, Glasgow Coma
Score (GCS) and 11 physiological variables (38,54) This model can be used to predict
mortality for groups of patients. Apostolopoulou et al in 2002 (53) showed that an
increasing APACHE Il score at admission are associated with increased 1CU

mortality.
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CHAPTER 3

MATERIALS AND METHODS

This study was conducted in 32 patients who admitted in surgical

wards, Ramathibodi hospital, Mahidol University during the period of the 1% January,
2004 to 31% July, 2004. All patients were matched according to APACHE Il scoring

system. They were sampling, according to the following criteria.

Inclusion criteria

1.

2.
3.

Patients who were admitted in the surgical wards, Ramathibodi hospital,
Mahidol University.
Patients who required parenteral nutrition via peripheral vein.

Patients who consented to participate and follow the procedure of this study.

Exclusion criteria

o M w D P
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10.
11.
12.

13.
14.

Patients on TPN.

Unconscious and unable to speak patients.

Patients under the age of 15 years.

Pregnant patients.

Patients with severe hepatic disorder and decompensation. (Total billirubin >2,
more than three folds of hepatic enzyme elevation, hepatic encephalopathy)
Patients with severe renal disorder. (Serum creatinine > 2.2 mg/dl)

Patients with uncontrolled diabetes.

Patients with bleeding disorders.

Patients on long-term corticosteroid.

Patients with burn > 20%.

Patients with pancreatitis (severe hypercatabolic).

Patients with uncontrolled sepsis or circulatory condition and judged to be
unsuitable for the experimental by the attending physicians.

Patients with terminal illness.

Patients with heart disease.
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Discontinuation criteria

1. Leaks at the site of administration.
2. Patients suffered from severe side effects.

Side effects: Any clinical symptom including fluid and electrolyte disturbances
observed during the experiment in patients who received PPN and could not be clearly
negated by the attending physicians (suspected or confirmed) will be regarded as side
effect caused by the study protocol.

3. Change of the treatment regimens by any reason.
4. Evidence of thrombophlebitis of degree 2* of Maddox’s criteria.

If the thrombophlebitis developed, the cannula was removed as soon as possible.

Method of study

This study was a controlled trial comparing two methods of intravenous
nutrient delivery into patients who required partial parenteral nutrition support.
Randomly placed into continuous group and cyclic group after age and severity of
disease (APACHE Il scoring system) were well matched. All patients or their relatives
gave informed consent to participate, and the Institutional Ethics Committee approved

the study protocol.
PPN

»

1 5 days g

SUBJECTS(32)

|
CONTROL GROUP STUDY GROUP
Continuous(16) Cyclic(16)



Noree Chongwilaikasem Materials and Methods / 18

Control group: CL-group

Participants received 2 bottles of Ramathibodi Standard Adult PPN
formula (rate=83 ml/hr) and 500 ml of 10% lipid emulsion (rate=21 ml/hr) daily by
continuous intravenous dripping over a 24 hour period for 5 days.
Study group: CY-group

Participants received the same solution as in the control group by a
cyclic method into a forearm vein over a 16-hour period and was off for 8 hours
during 10 PM- 6 AM everyday. The total infusion rate was 156 ml/hr, consisted of
Ramathibodi formula 125 ml/hr and lipid emulsion 31 ml/hr. There was no change in
the site of infusion. The catheter was kept patent with a single dose of 3 ml of a diluted
heparin (10 u/ml). The PPN site of both groups were separated from the medication

site.

Ramathibodi Standard Adult PPN formula The prescribed parenteral solution is
shown. Each bottle (1,000 ml) contained:

Composition Amount
Amino acid (g) 25
Dextrose () 100
Sodium (mEqQ) 50
Potassium (mEQ) 30
Chloride (mEqQ) 50
Phosphate (mM) 7.5
Calcium (mEq) 5
Magnesium (mEQ) 8
Acetate (mM) 45
Osmolarity (mOsmol) 925
pH 6.9
Total calorie 440

The formula was prepared by a Ramathibodi Hospital Pharmacy department and

freshly added vitamin C 500 mg and vitamin B complex 2 ml per 1 bottle (each ml of
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vitamin B complex contained: vitamin B1 100 mg, B2 5 mg and B6 5 mg) at surgical
ward. Total osmolarity was 804 mOsm/I (included fat emulsion).

IV team
Nurses who administered PPN and provided catheter care had been

standardized on the following issues:

1. Catheter insertion criteria*
2. Method and timing of each infusion regimen
* The criteria for catheter insertion and maintenance were as followed:

- Starting large veins in the upper extremities, beginning from the most
distal to the proximal veins.

- A contralateral extremity veins were used, when the insertion site was
lost

- The PPN veins were separated from medication vein.

- The daily care of infusion sites, infusion bag changes and the
monitoring of each patient’s fluid and electrolyte balance was
supervised by a researcher team.

- The access site was changed if thrombophlebitis occurred.

Data collection

Thrombophlebitis : The data consisted of site of infusion, starting time of catheter
insertion, symptoms and signs of thrombophlebitis and rate of infusion. All
complications and reasons for the changing of lines or venous access sites and degree
of thrombophlebitis were recorded by the researcher. The thrombophlebitis grading
was done by only one observer. Criteria for evaluation of thrombophlebitis were based

on Maddox’s criteria.
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Criteria for judging phlebitis (Maddox, 1977)

Severity Criteria

No pain at intravenous site, no erythema, no swelling, no induration,
0 no palpable venous cord

Painful intravenous site, no erythema, no swelling, no induration,
1+ no palpable venous cord

Painful intravenous site with erythema or some degree of swelling,
2+ or both, no induration, no palpable venous cord

Painful intravenous site with erythema and swelling and with induration
3+ or a palpable venous cord less than three inches above intravenous site

Painful intravenous site, erythema, swelling, induration and a palpable
4+ venous cord greater than three inches above intravenous site

Frank vein thrombosis along with all signs of 4+; intravenous may

5+ : .
have stopped running due to thrombosis.

Nutrition assessment : The nutrition record included anthropometric measurement,
biochemical measurement and functional assessment.
1. Subjective global assessment (SGA)
The nutritional status of patients was assessed by the Subjective global
assessment technique (SGA) before PPN administration and re-evaluated on day 5
(end of study).
2. Anthropometric measurement
The anthropometric data collection included weight, height, body mass
index, mid-arm circumference (MAC), triceps skinfold (TSF) and hand-grip strength
by dynamometer. The assessment of MAC and TSF were done on the PPN free arm,
using the average of three readings.
Height and weight were used to determine body mass index(BMI). BMI was
calculated by using this formula.
BMI = weight (kq)
height (m?)
Mid-arm circumference was measured with a non-stretch measuring tape, midway

between the acromion and olecranon of the non-dominant arm. Triceps skinfold
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thickness was measured with a skin calipers on the posterior upper arm, midway
between the acromion and olecranon process.
3. Biochemical measurement

Laboratory tests including serum electrolyte, calcium, sodium and
potassium levels were monitored closely according to the protocol. Clotting blood was
collected for measurements of prealbumin, CBC, P1 screening, serum vitamin B1, B2,

and vitaminC were measured.

Psycho-somatic impact : The psychological status was performed by the patients while

they were placed on PPN.

Nurses’ work load : The questionnaire relating to the nurses’ workload during the
night was collected since there was a change in the PPN related activity during 10 pm
and 6 am. Variables were the activity on reinsertion, patients’ care, intake
documentation, rate of infusion checking, and PPN preparing. The answers of nurse in

surgical ward were showed by percentage.
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Protocol schedule

Thirty-two patients hospitalized in surgical ward were studied. The

research team assessed nutritional status and laboratory parameters in patients on

admission.
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Screening / Treatment period (days)
Procedure baseline
(Start PPN) 2 3 4 S
Physical examination X X X X X
Check for inclusion Criteria X X X X X
Written Informed Consent Forms sign X
Patient randomization X
General data record X X
SGA record X X
Psycho-somatic impact record X X X
Anthropometric measurement X X
Vital sign record X X X X X
Laboratory tests
P1 screening
Glucose, BUN, Creatinine, Na, K, Cl, CO,, Ca,
P, Uric acid, Direct billirubin, Total billirubin, X X
AST, ALT, Alkaline phosphatase, Albumin,
Cholesterol, Triglyceride
VitaminB1,B2,and C X X
CBC, Prealbumin X X
Thrombophlebitis record X X X X X
Nurses” workload record X
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Research Tools and Instruments

The instruments of this study were composed of

1. Catheter (Introcan®) 22 G 1', with an outer diameter of 0.9 mm

2. 1V fluid set
3. Extension line (LS connector-CT)
4. Povidone-iodine
5. PPN Solution
- Ramathibodi Standard Adult PPN
- 10% lipid emulsion
- Vitamin C 500 mg
- Vitmain B complex
6. Calipers
7. Thrombophlebitis record
8. SGA record
9. Nutrition assessment record
10. Laboratory record sheet
11. Psycho-somatic impact record
12. Nurses’ workload record

Data analysis
1. The statistical analysis of thrombophlebitis was performed on the difference

between 2 groups by Mann-Whitney U test.

2. Nutritional status, electrolyte, prealoumin, vitamin B,C levels, SGA, and APACHE
I score were compared between two groups by Mann-Whitney U test, and compared
before/after treatment by paired t-test.

3. Psycho-somatic impact and nurses’ work load questionnaire were reported in

percentage.
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CHAPTER 4

RESULTS

Thirty-two patients who admitted in surgical ward, Ramathibodi
hospital consisted of 28 cancer patients and 4 cancer-free patients (Figure 4-1). Their
surgical status were 23 postoperative, 6 preoperative and 3 without operative. A total

of 32 patients were entered into this study, 16 being allocated to each group. There
were no significant differences in age, gender, weight, BMI, APACHE Il score and
SGA Dbetween the groups (Table 4-1). Seventy-two percent of the patients had
undergone an abdominal surgery. All patients were considered to have peripheral
veins that were suitable for PPN and no patient required central venous feeding

because of poor peripheral access.
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EICA esophagus (2)

E CA stomach(3)

OCA colon(10)
EICA rectum (5)

OCA bladder+gut obstruction(3)

OOther CA(5)

| CA free(4)
Figure 4-1 Diseases in 32 surgical patients
Table 4-1 Patient characteristics at base-line
Parameter Control group Cyclic group
Age, year* 61.5 (37,74) 59.5 (35,72)
Gender; M:F** 7:9 10:6
Weight; kg* 49.0 (40,82) 56.7 (40,74)
BMI*; 21.7 (15,26) 22.1 (15,31)
APACHE Il Score* 5(0,10) 4 (0,9)
SGA A:B:C** 1:11:4 3:11:2

*Median (min, max), ** Number

There was no significant difference between 2 groups
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4.1 Thrombophlebitis

The onset of thrombophlebitis was collected. Thrombophlebitis study
was terminated when 2+ of thrombophlebitis score by Maddox’ s criteria (32) was
detected. Patients tolerated the cannulas well and did not complain of undue
discomfort at the time of insertion. Median time to onset of thrombophlebitis was 38
hours in the continuous group and 84 hours in the cyclic group. On the other hand,
mode of the time to onset of thrombophlebitis was 36 hours in the control group and
84 hours in the cyclic group. The cyclic method significantly delayed the occurrence
of thrombophlebitis at p< 0.0001 by Log-rank test (Figure 4-2). Thrombophlebitis
were occurred within 36 hours in 50% of continuous patients, whereas 0% in cyclic
patients. One-hundred percent of continuous groups had thrombophlebitis within 84
hours, on the contrary, only 62.5 percent of cyclic groups was evident.
Thrombophlebitis slowly occurred in cyclic group from 60 to 120 hours (Table 4-2).
Distribution of the occurrence of thrombophlebitis in different administration

techniques was showed in Table (Table 4-3).
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Cumulative probability
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Time since catheterization (Hours)
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Figure 4-2 Kaplan-Meier of the cumulative probability of the occurrence of

thrombophlebitis, from the time since catheterization of the peripheral vein

Table 4-2 Cumulative incidence(%)of thrombophlebitis in both techniques according
to 12 hour-interval.

Group/hour | 12 | 24 | 36 | 48 | 60 | 72 | 84 | 96 | 108 | 120

Continuous
group

0 0 50 | 81.3|87.5|93.8 | 100 | 100 | 100 | 100

Cyclicgroup| 0 | 0 | 0 | 0 | 6.3 |313|625/81.3|938| 100
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Table4-3 Distribution of the onset of thrombophlebitis, n (%) in different

administration techniques

Duration (day) Control group Cyclic group
1 0 0
2 13 (81.3) 0
3 2 (12.5) 5(31.3)
4 1(6.3) 8 (50)

5 0 3(18.8)
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4.2 Nutritional status

Nutritional status of patients was collected on day 0 and day 5 of PPN
administration. There was no significant difference between 2 techniques on the SGA,
anthropometry, dynamometry, and biochemical data (Table 4-4). Normal nutritional
status was changed to mildly malnourished. Whereas, severe malnutrition was
unchanged (Figure 4-3). Anthropometric data (Mid-upper arm circumference, and
triceps skinfold) were no significant difference after 5 days of PPN administration.
However, BMI was significantly decreased after 5 days of PPN administration. On the
other hand, handgrip strength was significantly increased after PPN administration
(Table 4-5). There were significant changes in visceral protein levels. After 5 days of
PPN administration, prealoumin was significantly increased from 13.25 to 18.38 g/I.
Nevertheless, aloumin and total protein were significantly decreased from 36.15 to
31.60 g/l and 68.29 to 65.71 g/l (Table 4-6). The changes of percentage of low
prealbumin were improved (Figure 4-4). Especially, prealbumin levels were
significantly increased in the postoperative group (Table 4-7). Most serum electrolyte
and macro element levels were not abnormal after PPN administration, except
potassium levels (Table 4-8). Cholesterol and creatinine was significantly decreased,
however, triglyceride levels were significantly increased. According to GGT levels,
this enzyme were significantly increased (Table 4-9). Serum vitaminB1, B2 and C
were improved after 5 days of PPN administration (Table4-10 and Figure 4-5).
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Table 4-4 Nutritional status parameters between 2 groups after PPN administration

% Change in

% Change in

Parameter ) ) P-value
Continuous group Cyclic group

Weight, kg -3.15 = 31 -229 = 35 0.57
BMI, kg/m? 1563 + 0.4 1738 + 05 0.60
APACHE I 1021 + 556 1163 + 3.2 0.28
SGA 771 + 197 816 + 217 0.79
TSF, mm 032 + 23 023 + 26 0.81
MAC, cm 045 + 1.2 011 + 08 0.54
Handgrip strength, kg 874 £ 179 798 + 23.0 0.64
Prealbumin, g/l 4249 + 59.7 69.43 + 949 0.55
Albumin, g/l 1392 + 135 91 + 108 0.19
Total protein, g/l -6.04 + 99 -0.27 + 113 0.17
BUN, g/l 3046 + 89.2 1119 + 450 1.00
Creatinine, g/l -14.71 + 224 -10.42 + 17.0 0.55
Sodium, mmol/l 085 + 40 015 + 39 0.46
Potassium, mmol/l 229 + 206 2165 + 313 0.45
Chloride, mmol/l .05 + 7.6 131 + 58 0.81
COz, mmol/l 274 + 185 475 + 199 0.58
Calcium, mg/d| 012 + 62 356 + 8.1 0.26
In. phosphate mg/dl 877 + 615 1786 + 77.8 0.84
T. billirubin, g/l 051 + 76.7 2819 + 346 0.28
D. billirubin, g/l 27.04 + 89.1 2581 + 66.3 0.82
AST, ull 723 + 176 4672 + 60.8 0.25
ALT, u/l 64 + 67.1 057 + 494 0.87
GGT, ull 7849 + 146 81.74 + 87.6 0.27
ALP, ull 4694 + 150 1021 + 60.9 0.86
Cholesterol, mg/dl 17.99 + 221 1059 + 183 0.42
Triglyceride, mg/d| 3829 + 67.8 59013 + 71.1 0.36

There was no significant difference between the two groups after PPN administration

in terms of nutritional status.
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Figure 4-3 Nutritional status classified by Subjective Global Assessment (SGA).

Table 4-5 Anthropometric data (Mean+SD.) of 32 surgical patients before and after

PPN administration

Parameter Before After
BMI, kg/m? 21.3 + 39 20.7 = 3.9°
MUAC, cm 260 + 3.9 259 + 39
TSF, mm 145 + 104 514 + 10.6
Handgrip strength, kg 173 + 9.0 188 =+ 10.6°

& Significantly different from before PPN administration; p< 0.005

No significant difference among preoperative, postoperative and no operative groups.
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Table 4-6 Status of visceral proteins (Mean+SD.) in 32 surgical patients before and

after PPN administration

Parameter, g/l

Before After

Prealbumin
Albumin

Total protein

13.25+6.4 18.38 +7.2°
36.15+ 7.2 31.60+5.9%

68.29 + 9.7 65.71+ 9.6°

& Significantly different from before PPN administration; p< 0.0001

b Significantly different from before PPN administration; p< 0.05

% of patients
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E After

43.8

67.7

719

43.8

Total protein

Albumin

Prealbumin

Figure 4-4 Changes of percentage of low albumin, total protein and prealbumin levels

of 32 patients after given PPN.
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Table 4-7 Prevalence (%) of low prealbumin levels (< 16 mg/dl) among patients with

different surgical status.

Prealbumin level n(%)
Surgical status

Before After
No operation* (n=9) 6 (66.67) 5 (55.56)
Post operation(n=23) 17 (73.91) 9(39.13)%

* included 6 preoperative and 2 inoperable cases
& Significantly different from before PPN administration by Exact McNemar’s test for

each operative category (p< 0.005)

Table 4-8 Serum electrolyte and macro element levels (Mean+SD.) of patients (before

and after PPN administration)

Day of PPN
Parameters Reference
Day -1 Day 1 Day 5 ranges,
mmol/I*
Na 137.74+ 4.4 136.93+45 137.39+47 135-145
K 385404 442 +10°  473+11%° 3550
Cl 101.64+48 10026+54  99.74+49 97-110
Co; 2583+84  2439+46  2436+45 24-30

& Significantly different from day1; p<0.05

b Significantly different from day -1; p<0.05

* Reference ranges: Russell M K and Mcadams M P, Laboratory monitoring of
nutrition status, in Contemporary nutrition support practice, Matarese L E and
Gottschlich M M, Editors. 1998, W.B. Saunders company: Pennsylvania. p. 47-63
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Table 4-9 Serum lipid, liver enzymes, and renal function tests (Mean+SD) of patients

before and after PPN administration.

Parameters Before After Ril;enrggsce
Lipid profiles
Cholesterol (mg/dl)  175.00 = 40.3 14461 + 33.0° 140 - 270
Triglyceride (mg/dl) 11948 + 59.9 171.22 + 1255° 30-90
Liver function tests
AST (u/l) 5297 + 946 9274 + 3124 5-40
ALT (u/l) 4330 + 388 4535 + 621 5-40
GGT (ul) 7771 + 1032 107.00 + 98.2° 15-85
AP (u/l) 117.24 + 1476 11561 + 975 40 - 105
T. billirubin (g/l) 1.60 + 5.0 099 + 24 02-1.2
D. billirubin (g/I) 111 £ 45 071 + 20 0.1-05
Renal function tests
BUN (g/) 1118 + 50 1164 + 47 7-17
Creatinine (g/1) 090 + 03 078 + 0.2° 06-1.2

AST: Aspartate aminotransferase,

ALT: Alanine aminotransferase

GGT:.Gamma- Glutamyl transferase, AP: Alkaline phosphatase,

BUN: Blood urea nitrogen

#Significantly different from before PPN administration; p< 0.0001

PSignificantly different from before PPN administration; p< 0.01

‘Significantly different from before PPN administration; p< 0.05
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Table 4-10 Blood vitamin levels (mean+SD) in surgical patients before /after added

vitamin B complex*, vitamin C 500 mg/day in PPN.

Cut-off
Parameter value** Before After
Vitamin B;
ETKA, IU < 131 226 = 95 298 + 109°
TPPE,% > 15 129 + 1738 31 + 82°
Vitamin B,
EGRA,IU < 1314 3247 + 1096 3730 = 1367
AC,% > 1.2 099 £+ 0.1 095 + 0.1
Vitamin C
S. ascorbate, mg/dl < 0.2 056 * 0.3 203 + 0.6°

* Vitamin B complex 2 ml: VitaminB; 200 mg, B, 10 mg, Bs 10 mg

** Cut-off value: Modified from Lawrence J Machin, Handbook of vitamins 2™
Ed.,1991

#Significantly different from before PPN administration; p< 0.0001
PSignificantly different from before PPN administration; p< 0.01

% of patients OBefore @After
30 4 281
25
20
15 A 12,5
9.4
10
5 3.1
0 0
0 T T 1
VitaminB1, Vitamin B2, Vitamin C
(TPPE) (EGRAC)

Figure 4-5 Prevalence (%) of vitamin deficiency before and after PPN administration.
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4.3 Patients’ psycho-somatic impact

Because of complaints about sleepless at night and motility during
home total parenteral nutrition, the psychological status was investigated in our study.
Both groups of patient were asked by the researcher at the first and the end of PPN
administration. The questionnaire covered both anxiety, and motility of patients. The
results of psycho-somatic impact of patients were shown in figure 4-6 and table 4-11.
All patients in cyclic group were satisfied with the cyclic technique after 5 days of
PPN administration. The reasons of satisfaction were shown in figure 4-7.

4.4 Nurses’ opinion

Nurses’ opinion was assessed in the cyclic group. Eighty-seven percent
of nurses agreed with the benefit of cyclic technique on the convenience of patients.
Moreover, 72.5% of nurses thought that cyclic technique also decreased nurse
workload during the night (Figure 4-13).
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Figure 4-6 The psycho-somatic impact in 32 patients
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Table 4-11 Psycho-somatic impact on patients between different techniques*

P-value
Variables - -
Continuous group Cyclic group

Annoy 0.250 0.500
Mobility 0.500 0.500
Motility 0.141 0.004%
Sleepness 0.016 0.004%
Anxiety 1.000 0.031°

*Exact Symmetry test for 3*3 contingency tables (Repeated measurement of
categorical variables).

There was no significant difference between two techniques.

& Significantly different from the first day of PPN administration; p< 0.005

b Significantly different from the first day of PPN administration; p< 0.05

% of attitude

60 1
50
50 A
40 - 37.5
30 A
20 A
10 - 6.3 6.3
0 .
could move had decent abletogoto hada morning
around freely  sleep at night toilet by walk
themselves

Figure 4-7 Patients’ psycho-somatic status in the cyclic group
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Figure 4-8 Nurses’ workload in handling of the cyclic PPN as compared to
continuous PPN (n=40).
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CHAPTER 5
DISCUSSION

Thrombophlebitis

The cyclic technique in this study was designed to reduce the
thrombophlebitis, the most frequent complication in peripheral parenteral nutrition, in
short-term gastrointestinal dysfunction patients (less than 14 days). Peripheral vein is
an attractive choice to avoid the complication from central venous cannulation because
of a low cost, simple to use and reduction in medical or nursing time (10,34).
However, the limitation of this alternative is the development of thrombophlebitis. The
incidence of thrombophlebitis varied widely (2.3-70%) (55) because of the differences
in definition, study design, inclusion criteria of patients and follow-up time (37) as
well as the needle gauge and infusate osmolality. According to the study of Pandero et
al in 2002 (55), thrombophlebitis was more likely to occur within 48-h after catheter
insertion. This is in accordance with other authors’ findings (Gaukroger et al, 1988
and Campbell et al, 1998). In our study, the catheters in cyclic technique survived
longer (p<0.0001) and resulted in a lower incidence of thrombophlebitis within 48
hour (81 % in continuous VS 0 % in cyclic technique). The time of onset of 100 % of
thrombophlebitis was delayed from 84-h in the continuous group to 120-h in the
cyclic group. Not only delayed the onset of thromboplebitis but the cyclic method
reduced thrombophlebitis developing also. There was 100% of thrombophlebitis
within 60-h after the first case in continuous group (24 to 84-h), whereas 72-h after the
first thrombophlebitis case in cyclic group (48 to 120-h). These results suggested that
mechanical trauma is an important factor in the aetiology of infusion phlebitis. This
can be minimized by reducing the time for which the vein wall is exposed to nutrient
infusion (31).

The first study about the effect of infusion time was Nordenstrom et al
study, 1991 (45). They found 18% of thrombophlebitis when rotation with cyclic
technique was used during 5 days of PPN administration. Nevertheless, no continuous
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group in the same PPN regimen (as a control group) was compared in their study. In
1996, May et al (29) compared rotation with cyclic technique by reinsertion of catheter
every 12-h and continuous PPN in 24-h. They found 0% thrombophlebitis in the
rotation with cyclic technique group (within 7.5 days) VS 62% in continuous group
(within 5 days) of 640 mOsm/l PPN administration. However, there were some
disadvantages in both techniques such as the time consuming of nurses and doctors to
reinsert a new catheter at another venous site and the suffers of patient from being
repunctured (29). To resolve this problem, they employed the combination of rotation
with cyclic technique by leaving the catheter in situ. The “left-in-situ” method in
rotation with cyclic technique reduced the incidence of thrombophlebitis to 33%.
Palmer et al in 1996 (30) reported the difference of thrombophlebitis incidence
between two techniques (17% in continuous VS 0% in rotation with cyclic technique).
No restriction of catheter insertion site, however, most catheters in cyclic group were
placed in the dorsal veins of the forearm while either the cephalic or basilic vein in the
antecubital fossa were used in the continuous group. As reported in 1991, Kerrin et al
(44) found the reduction of thrombophlebitis incidence to be 23% by the rotation with
cyclic technique. Interestingly, rotation technique resited in contralateral arm every
24-h alone also produced 23% reduction in the thrombophlebitis incidence.

Our results also found the thrombophlebitis incidence to be 37.5%
reduction within 3.5 days in the rotate group. Apart from reducing the incidence of
infusion thrombophlebitis our cyclic technique maintained a longer patency of
catheter. The mean duration of becoming thrombophlebitis in our study were shorter
than other studies, however, the disparity in osmolarity of PPN and the duration of
infusion between various studies were the problems. From Table 4-3, most patients in
the control group could not tolerate the concentration of PPN for a long time, so the
distribution of thrombophlebitis occurence was rather densed.  Whereas, the
distribution of thrombophlebitis occurrence in the cyclic group was scattered due to
different patients’ characteristics including the large vein, male, and younger age in
cyclic group more tolerated than the others as previously reported (13,34,37).

The Centers for Disease Control and Prevention (CDC)
recommendations for preventing peripheral vein infusion thrombophlebitis are

replacing catheters and rotating peripheral venous site every 48 to 72-hours (56).
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However, this recommendation was still being questioned (37). The report by Weiss
et al in 1975 (40) suggested that the standard recommendation to change infusion
after 48-h is not stringent enough. Maki (1991) et al (57) suggested that the
thrombophlebitis was constant after 2 days of catheterization. According to Brezenger
et al, 1998 (58) they found that after 2 days of catheter insertion, the day-specific risk
of peripheral vein thrombophlebitis was constant. Our data showed 50%
thrombophlebitis incidence in the continuous group already occurred within 36-h.
Consequently, The CDC recommendation should be reevaluated. Finally,
thrombophlebitis in the cyclic technique in our study was happened 100% within 5
days because of no changed of the used vein. According to Payne-James et al, 1991
(59) showed the result of cannulas place in forearm veins with no infusion running in
normal volunteers. They demonstrated that after 108-h almost 44% of veins with
cannulas in place will develop phlebitis. Therefore, the incidence of thrombophlebitis
can be reduced by both elective change of peripheral venous cannulas and a reduction

in infusion period.

Nutritional status

Not only thrombophlebitis but nutritional status were also investigated
in our study. Nutritional status classified by SGA showed severe malnutrition in
28.1% of the patients, 37.5% were moderately and mild malnourished and 34.4% were
well nourished. In 1994, A study from McWhirter et al (60) found that out of 100
surgical patients, 27 were under nourished. Correia et al, 2004 (61) classified the
nutritional status by SGA and found 53.8% of patients had malnutrition, 38.5% were
moderately malnourished or suspected malnutrition and 7.7% were well nourished.
Waitzberg et al in 2001 (62) reported in IBRANUTRI study, 48.1% of hospitalize
patients in Brazil were malnourished with 12.6% severely malnourished. In Thailand,
Tanpaichitr in 1980 (7) showed that more than 60% of hospitalized patients in
Ramathibodi hospital were malnourished. Similarly, Komindr et al in 1995 (8) shown
the prevalence of malnutrition was still highly prevalence(52.6%). Surprisingly, the
prevalence of malnutrition were 65.6% when classified by SGA in our study. The
malnutrition trend in developing country (Brazil and Thailand) were highly prevalence

despite the fast development of Thai economy during the past year. The explanation
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for a high rate of malnutrition were the chronicity of the disease, low socioeconomic
status of patients, the most of underlying diseases presented were cancer, the high cost
of nutrition support, and unawareness and underestimation of the complications of
malnutrition by physicians (61,63).

The nutritional assessment tools in our study were subjective global
assessment (SGA), laboratory data and anthropometric measurement. SGA is a simple
and inexpensive technique, these characteristics make SGA an attractive tool for
routine use in the nutritional assessment of surgical patients (64). In our study, there
were 28.1 % of patients had severe malnutrition (grade C of SGA). After 5 days of
PPN administration, the number of severely malnourished patients was the same
before PPN administration. Whereas normal patients (grade A) were decreased from
34.4 to 28.1 %. The reason may come from the change of fluid balance during the 5
days of treatment. In our study, BMI of patients were significantly decreased,
however, mid upper arm circumference and triceps skinfold were not significantly
decreased after 5 days of PPN administration. Development of cachexia and marked
weight loss were the important symptoms in cancer patients, especially for the upper
gastrointestinal tract cancer.

Nutritional support often fails to improve serum albumin levels. For
these reasons, hypoalbuminemia has been reported to be a predictor of risk in a broad
sense malnutrition (47). Albumin and total protein are not sensitive enough to predict
the improvement by nutritional support because of their long half-life. Our data
showed the changes of albumin, total protein and prealbumin levels. Predominantly,
prealbumin was only one protein that improved after 5 days of nutrition support.
Prealbumin, a short-lived proteins (half-life, 48-h), is sensitive to protein and energy
availability. Therefore, it is a good nutritional indicator (65). Prealbumin levels
reflected the nutritional status of patients. If they come to well-nourished after
nutrition support, prealbumin level will be in normal range (16-40 g/l). The mean of
prealbumin levels were 13.25+6.4 to 18.38+7.1 g/l at baseline in our study. Robinson
et al,2003 (66) determined the effectiveness of prealbumin and albumin in identifying
malnourished hospitalized patients. They found that prealbumin appeared to be better

than albumin as a nutrition-screening/assessment tools to detect malnourished patient



Noree Chongwilaikasem Discussion / 44

(malnutrition was defined as a prealbumin levels < 20 g/l, whereas prealbumin levels
> 20 g/l was considered well-nourished).

Our results also according to Chuntrasakul et al, 1998 (67) the
prealbumin levels (mg%+SE) in trauma patient after 4 days of PPN administration
were improved from 17.19+2.1 to 19.00+3.3 mg%. Their 1300 kcal PPN regimen
contained 50 g of protein, 150 g of glucose which was almost equivalent to our
regimen. Nevertheless, the baseline of prealbumin levels in our study were lower than
this study. The underlying disease of patients in our study were cancer (87.5%), but
their study were accidental patients. The diet restriction from their disease caused a
low protein diet. When they got nutrition support, however, prealbumin levels were
significantly increased. Hence, the nutrients given in this regimen seemed to be rather
adequate low energy PPN. According to some studies conducted with hypocaloric
nutrition showed a lower complication rate (55). Interestingly, prealoumin levels after
5 days of PPN administration in pre-operation patients were less clear. Prealbumin
levels were no significantly changed in pre-operation group in our study because of
the statement of disease before operation. Whereas post-operation patients had a
significantly improved of prealbumin levels after 5 days of PPN administration since
the cause of catabolism has been removed. Butters et al in 1995 (50) found
prealoumin level as well as anthropometric measurement in gastric and pancreatic
cancer groups less than breast cancer group and control group.

Functional tests is one of nutritional assessment tools. Muscle activity
is linked to cell energetics and it has been shown that skeletal muscle function can be
rapidly altered by undernutrition (1). In 1993, Strokes et al (68) reported the effect of
PPN on the physiologic function (handgrip strength) after 5 days of PPN
administration. The handgrip strength increased from 33.3+8.0 to 36.4+9.2 kg
(p<0.0001). According to Strokes report, the skeletal physiologic function strength
data in our study also improved from 17.29+9.0 to 18.79+10.6 kg (p< 0.05) after 5
days of PPN administration. Patients’ characteristic were the most important factor
responsible for the difference in handgrip strength between two study. Moreover, total
calories in PPN regimens were also difference (1,620 VS 1,430 kcal/d).

Serum electrolyte and microelement levels before and at the first blood

drawn on the day after starting PPN were shown in table 7. All serum electrolyte
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(sodium, potassium, chloride and carbon dioxide) before PPN administration were
abnormal. At the first blood drawn on the day after starting PPN, there were excess in
potassium and carbon dioxide. These results suggested that monitoring of serum
electrolyte in patients were necessary. Serum lipid and liver function before and after
PPN administration were shown. There were significant decreases in cholesterol levels
because PPN is free of cholesterol administration. While triglyceride levels were
significantly increased, these results were caused by everyday lipid emulsion (LCT)
used. In addition, the liver enzyme (GGT) was significantly difference after PPN
administration in both groups. The reason may come from glucose in PPN increased
the deposition of triglycerides in the liver. The mechanisms behind glucose-induced
hepatic steatosis are not fully understood. If hepatic lipoprotein transport capacity is
insufficient in relation to production of triglycerides from exogenous and recycled
fatty acids, hepatic fat accumulation occurs (69).

Interestingly, the prevalence of deficiency were 28, 3 and 9.4% at the
beginning of our study. After 5 days of vitamin added in PPN solution, no patients had
vitamin B2 and C deficiency. It was surprising that thiamine deficiency was not totally
eradicated eventhough they received 400 mg per day of vitamin B1. After 5 days of
PPN administration, there were still 4 thiamine deficient patients (2 postoperative and
2 preoperative).

The postopertive patients were 71 and 72 years old. Before PPN
administration, they had severe thiamine deficiency (TPPE 47.8 and 36.1%,
respectively). After vitamin B1 400 mg was added in PPN solution, %TPPE were
improved to 25.8 and 25 within 5 days. However, they were still deficient. The reason
for thiamine deficiency in these two patients were their senility and the increased
utilization during their recovery. Chuntrasakul et al,1998 (70) showed the
improvement of elder patients after nutrition support were slowly. According to
Sullivan et al in 1991 (71),1999 (72) suggested that the elderly may require more time
to respond appropriately to a physiological stress (trauma, surgery), thereby
influencing their nutritional status. On the other hand, 2 preopertive patients who had
thiamine deficiency began with acceptable thiamine supplement in PPN solution, their
thiamine status were decreased. These two patients had a critical illness before

surgery, their problems were not removed and resulted in the deterioration of their
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vitamin status. Moreover, they were mild to moderate malnourished. All of laboratory
data were abnormal. After 5 days of PPN administration, they were continued with
TPN. However, both of them died after 2 weeks and 1 month of surgery. In
conclusion, it can be mentioned that the thiamine requirement of malnourished elderly
patients and preoperative advance cancer patients are higher usually anticipated.
Nevertheless, the use of cyclic technique was not without problem.
Hypoglycemia during the night was found in the 1 of 4 diabetic mellitus patients in
cyclic group. She was a 60 year-old colon cancer patient. The hypoglycemia occurred
because she received subcutaneous regular insulin 2 hours prior to PPN stopping. Her
problems were sweating, shakiness, increased heart rate and numbness on the lips
(DTX 60 mg%) which were ameliorated after 50% dextrose was given. Interestingly,
there was no signs of fluid overloading problem in our cyclic group in the presence of
rapid flow rate. It was showed that 156 ml/hr of PPN flow rate was safe to use in our
cyclic PPN patients, although many of them were elderly. It was thought that the total
amount of volume load during the 24-h period might be more important than the 1.V.

rate per se.

Patients’ psycho-somatic impact

Our study was the first report to investigate the patients’ psycho-
somatic impact of stopping PPN in the night. All patients in two groups increased
positive attitude at the end of study (Figure 4-6). This result may come from the
tolerance of patients. Nevertheless, there was no significantly difference between 2
techniques. Interestingly, there were significant decreases in patients’ anxiety,
increases in motility and increases in the sleepness in the cyclic group after 5 days of
PPN administration. 100% of patients in cyclic group satisfied this technique. 50% of
their reasons were their ability to move around freely and 37.5% of patients could
have decent sleep at night. According to the previous study, Palmer et al in 1996 (30)
using the Hospital Anxiety and Depression Questionnaire (HAD) evaluated the
patients mental impact between continuous and rotation with cyclic technique. There
was no difference between continuous and rotation with cyclic techniques. There was
no difference between groups in HAD score. This may reflect several co-existent

factors such as the pain of cannulation, hospitalization, inadequate oral intake and the
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underlying disease. However, fewer patients who had rotation with cyclic technique
complained of mobility restriction. The researchers commented that the mobility of

patients may be an important factor in patient well-being and tolerance of PPN.

Nurses’ opinion

In our study, not only investigating in patients’ psycho-somatic impact,
but nurses’ opinion were investigated as well. 72.5% of nurses thought the cyclic
technique reduced their workload during the night in I.V. rate examination, patient
care, cannula reinsertion, examination line, intake/output documentation and 1V fluid
preparation. 1 of 3 wards always used infusion pump in all of the cases, however,
cyclic technique did not seem to decrease their workload on the 1.V. rate examination
and 1.V. line examination. Importantly, most nurses (87.5%) thought cyclic technique
gave patients the convenience. According to their answers about patient care, patients

could go to toilet by themselves and had a morning exercise by themselves.
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CHAPTER 6
CONCLUSION

Infusion duration is an important factor in the development of
thrombophlebitis. The cyclic technique with intravenous cannula in situ significantly
delays the onset of thrombophlebitis. In addition, cyclic PPN technique did not hinder
the nutritional status. Partial parenteral nutrition (PPN) improves patients nutritional
status, however, not only keeping the cannula patent, cyclic PPN technique with 1V
cannula in situ also improved the patients’ mobility, psychosomatic status and reduced

nurses’ workload during the night.
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Sample size calculation

Sample size of the control group (N;) was the same as the study group(N,)

No = 1 [Zo (2PQ)"?] + Z (P1Q1+P2Q2)"?]
(Delta)?

At confidence interval 95%, power of test 80%

Thrombophlebitis was minimized by rotation of venous access sites to 33%

No = 1 [1.96 (2%0.335%0.665)"] + 0.842 [(0.67)(0.33)+(1.000)(0)"*]?
(0.246)°
No = 10

Number of catheters in this study including drop-out patients (20%)

were 12 catheters per group.
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A= a
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510M3 il 2 3 4
PPN
Weight kg)
pImsiafeaiiinziann PPN
Vital sign

Temperature (C)

Pulse (ade/ uifi)

Blood pressure (mmHg)

[]

t

Anthropometric measurement

[]

UIN wyude

Midarm circumference(cm)

Handgrip strength (kg)

Triceps skinfold (mm)
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L= t4 a wAa
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LAB i le D2 i &D3 D4 D5
IUN..ee IUN..... IUN.. IMUN....L AMUN.....L
P1 screening
Glucose , mg/dl
BUN , mg/dl
Cr , mg/dl
Uric acid , mg/dl
Na mmol/l
K mmol/l
Cl mmol/l
CO2 mmol/l
Ca mg/l
In. P mg/l
T. billirubin mg/l
D. billirubin mg/l
Cholesterol mg/l
AST u/l
ALT u/l
ALP u/l
GGT u/l
Total protein g/l
Albumin g/l
TG mg/dl
Other

Prealbumin g/l

ETKA,
Bl 1y

TPPE, %

EGRA,
B2 18]

AC, %
C mg/dl

Treatment record (Electrolyte add to

P mg/l
Na mmol/l
K mmol/l
Ca mg/l
Cl mg/l
Zn mg/l
Mg mg/l
Other............... mg/l
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DI

Hct

MCV

MCH

MCHC

RDW

Plt

Neut

Lymph

Mono

Eos
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Thrombophlebitis
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Figure C1 Scatter-plot of onset of thrombophlebitis
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Figure C2 Cumulative incidence (%) of onset of thrombophlebitis in both techniques
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Table C1 Raw data of patients

ID HN AGE GENDER | GROUP Wt b Wt a Phlebitis
1 3473133 62 1 1 71 70 63
2 3749309 69 2 1 51 50 34.2
3 3758516 71 1 1 42 40 33
4 3769182 69 2 1 45 45 58
5 3288230 43 1 1 48.5 48 36
6 3755078 69 2 1 42 44 44
7 3573638 55 1 1 42 40 34
8 3400843 37 1 1 62.2 58.8 82
9 3329882 58 2 1 57 55 42
10 3772712 69 2 1 39 38 40
11 3782302 74 2 1 49.5 47 35
12 3783217 61 2 1 52 50 36
13 3750007 55 1 1 45 41 36
14 2510625 52 2 1 48.5 46 42
15 3445135 37 1 1 81.8 81.2 42
16 3786112 67 2 1 50 47 36
21 3750007 55 1 2 58.5 55 120
22 3733706 60 2 2 55.9 55 62
23 2808939 72 1 2 42 40 84
24 3746324 35 2 2 74.5 74 84
25 3692276 57 1 2 57.5 54 96
26 3747523 49 1 2 58 55 94
27 3764992 69 1 2 67 66 84
28 3767369 47 2 2 52.3 50.5 59
29 3759693 64 2 2 51 49 68
30 3721248 50 1 2 68 67 84
31 3781948 61 1 2 47.1 45 68
32 3786157 66 2 2 45 45.5 80
33 3773748 59 1 2 41.5 45 106
34 3767752 62 2 2 40 39.3 60
35 3039873 41 1 2 64 62.5 101
36 3782385 71 1 2 66 64 90
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Table C1 (Cont.) Raw data of patients

etkaBl_| etkaB1_| TPPE | TPPE | ACB2
ID Prealbumin b | Prealbumin_a b a Bl b Bl a b

1 7.07 15.8 168.73 | 213.14 0 0 0.97
2 10.6 22.6 86.78 | 283.91 10 1.37 0.93
3 17.5 23.7 157.85 198.14 36.11 25 1.19
4 5.95 4.7 88.2 | 285.14 6.67 19 0.98
5 20.6 25.6 | 274.02 144.58 0 27.58 0.92
6 14.9 153 | 21324 | 26149 30.23 0 0.89
7 37 222 | 323.16 182.15 11 0 0.91
8 18.9 28.8 134.22 179.73 6.67 0 1.02
9 19.7 29.1 458.76 | 598.95 15 0 0.93
10 17.1 104 157.65 | 22341 0 0 0.99
11 9.93 12.7 | 286.35| 330.72 0 0 0.98
12 7.52 495 | 202.08 | 358.14 0 0 0.91
13 10.4 16.8 | 392.64 | 649.78 0 0 0.93
14 16.4 29.5 215.51 305.31 59.17 0 1.12
15 11.2 28 258.95 293.77 0 0 1.15
16 7.88 15.42 178.79 | 325.34 42 0 1.14
21 22.2 11.6 283.91 352.27 1.37 0 1.08
22 11.6 15.8 85.73 177.92 0 0 0.93
23 7.9 18.4 112.03 154.21 47.83 25.81 0.9
24 14.6 16.1 258.74 | 292.81 34.34 0 1.08
25 16 21.8 159.81 201.07 8.11 0 0.92
26 5.24 25.2 238.9 | 326.83 16 0 0.92
27 14.2 25.7 177.09 | 317.12 6.1 0 1
28 10.2 123 | 413.89 | 302.52 54.95 0 1.24
29 13.4 163 | 35598 | 377.33 0 0 0.91
30 12 9.91 182.3 333.94 0 0 1.02
31 15.6 269 | 264.65| 349.28 0 0 0.83
32 4.77 9.04 | 260.94 281.8 0 0 0.87
33 14 20.2 1234 | 226.58 0 0 0.93
34 6.87 14.1 303.19 | 359.79 241 0 1.17
35 14.6 25.7 183.5 | 283.79 10.91 0 1.03
36 8.06 13.6 | 227.78 | 370.44 14.75 0 1.05
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Table C1 (Cont.) Raw data of patients

ACB2_ | EGRA | EGRA
ID a B2 b | B2 a |VitC b | VitC a| SGA b | SGA a
1 1| 2404.55 | 2759.77 0.28 1.7 2 1
2 097 | 2997.75 | 2669.63 0.42 2.33 2 2
3 1.04 | 2042.75 | 2557.45 0.76 2.18 2 2
4 094 | 3384.33 | 4371.92 0.43 1.31 3 3
5 0.86 | 3442.88 | 4326.99 0.8 2.81 2 2
6 1.1 | 573649 | 3962.05 0.55 1.1 2 2
7 078 | 4645.16 | 2723.03 1.1 4.19 3 3
8 1.08 | 2903.23 | 3053.28 0.34 1.53 2 2
9 1.02 | 4645.16 | 4858.73 0.54 1.95 2 2
10 095 | 4154.84 | 531257 0.2 1.2 2 2
11 074 | 4587.81 | 5125.69 0.66 3.01 2 2
12 0.95 | 3008.79 | 2787.09 0.32 1.8 3 3
13 0.99 | 2802.24 | 6503.22 0.48 2.82 3 3
14 095 | 4696.77 | 6219.35 0.5 1.68 2 2
15 1.02 | 2374.19 | 3174.19 0.85 241 1 1
16 077 | 2038.71 | 2450.19 0.65 2.6 2 2
21 1.09 | 1809.17 | 3468.39 0.69 1.55 2 2
22 097 | 2997.75 | 2669.63 0.42 2.33 2 2
23 1.07 | 480645 | 20755 0.17 2.26 2 2
24 096 | 4180.65 | 3630.7 0.6 1.25 1 1
25 083 | 2477.42 | 499221 0.18 2.07 2 2
26 0.93 | 3848.85 | 2076.25 0.5 1.91 2 2
27 0.95 | 3509.68 | 5011.88 0.18 2.54 3 3
28 1.02 | 421638 | 4903.23 1.01 2.01 2 2
29 0.66 | 43515 | 4190.74 0.86 1.76 2 2
30 095 | 3014.41 | 422828 0.77 1.3 1 1
31 0.87 | 2246.01 | 6860.96 0.45 1.87 2 2
32 093 | 2876.83 | 2141.93 0.26 1.35 3 3
33 097 | 247242 | 239832 1.17 2.18 2 2
34 098 | 136325 | 25685 0.35 2.38 2 2
35 1.04 | 2269.79 | 2269.77 0.92 22 1 1
36 1.04 | 1625.8 | 3035.19 0.43 1.47 2 2
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Table C1 (Cont.) Raw data of patients
APACHE
1D _a Glucose b | BUN b | BUN a Cr b Cr a Na b

1 5 97 4.7 5 0.7 0.5 139

2 9 112 15 12 1 04 135

3 5 115 14 18 1.3 0.9 142

4 7 175 16 13 0.5 0.4 132

5 4 90 19 17 1.7 1.3 130

6 9 99 11 13 0.6 0.5 131

7 8 88 16 24 0.6 0.6 135

8 1 85 6 7 0.8 0.6 141

9 5 142 7 6 0.6 0.4 142
10 5 115 12 6 1 1 139
11 5 114 6 11 1.1 1.1 141
12 6 146 4 16 1 1.1 139
13 3 133 3 8 0.6 0.7 139
14 2 114 10 8 0.8 1 140
15 0 133 8 7 1.1 1 142
16 9 553 11 7 1 0.6 131
21 6 350 8 10 1.5 0.9 143
22 3 153 6 13 0.8 0.8 139
23 5 96 16 10 1 1.1 143
24 0 103 10 12 0.8 0.8 142
25 3 110 8 14 0.9 0.8 132
26 2 133 20 23 0.9 0.7 134
27 5 133 10.83 13 1.2 1.1 143
28 4 92 15 14 0.7 0.5 144
29 3 146 9 13 0.8 0.7 135
30 2 106 24 1.6 143
31 5 76 13 16 0.7 0.9 133
32 5 117 9 7 0.8 0.7 134
33 4 168 24 10 0.9 0.8 135
34 5 106 11 10 1 0.8 133
35 0 83 16 10 0.9 0.9 142
36 7 146 8 8 0.7 0.5 140
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ID Na a Na first Kb K a K first Cl b Cl a
1 145 136 3.28 3.54 3.04 103 107
2 140 140 3.83 3.64 3.64 100 104
3 134 134 3.51 4.26 4.26 104 96
4 131 131 4.06 4.9 4.9 100 92
5 140 140 3.23 3.97 3.97 87 100
6 128 128 3.76 3.87 3.87 94 88
7 126 126 3.9 6.1 6.1 104 93
8 138 138 3.95 5.74 5.74 102 100
9 139 139 3.47 4.24 4.24 105 100
10 138 138 3.32 4.27 4.27 103 108
11 139 139 3.77 4.51 4.51 106 100
12 130 130 3.79 3.71 3.71 103 94
13 136 136 4.43 4.88 4.88 101 96
14 140 140 4.27 4.97 4.97 104 106
15 142 145 3.97 5.04 4.01 103 104
16 136 138 4.67 8.05 4.46 97 99

21 140 141 445 4.49 4.86 105 103
22 136 136 4.8 5.36 5.36 99 100
23 133 139 4.02 5.15 4.3 107 102
24 139 139 3.93 3.9 3.9 100 100
25 137 137 3.19 5.16 4.45 106 101
26 134 134 4.52 4.49 4.06 95 93
27 133 133 3.63 7.87 7.87 109 95
28 137 134 4.35 5.32 3.66 110 98
29 139 134 3.51 4.17 3.07 97 100
30 4.24 108

31 135 133 4.28 3.98 4.11 107 96
32 145 137 3.49 3.8 3.46 100 107
33 141 141 433 5.63 5.63 100 108
34 143 143 3.52 4.16 4.16 95 98
35 143 143 3.66 4.07 4.07 103 103
36 142 143 3.31 3.45 3.4 102 101
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Table C1 (Cont.) Raw data of patients

ID Cl first | CO2 b | CO2a | CO2 first| Cab Ca_a InP_b
1 101 28.5 25 26.6 8.11 8.5 3.7
2 104 24 21.3 21.3 8.5 8.7 3.1
3 96 21 27.3 27.3 9.3 8.9 5.8
4 92 27.2 29.4 29.4 8.01 8.7 4.4
5 100 34.7 26.1 26.1 9.4 9 4
6 88 26.6 23.6 23.6 9.4 9.2 2.9
7 93 25.9 16.2 16.2 8.9 8.2 3.6
8 100 27.2 20.9 20.9 9.8 8.9 1.31
9 100 259 23.6 23.6 9.5 9.2 33
10 108 10.4 12.8 12.8 9 8.7 34
11 100 21.1 24.7 24.7 9.4 9.5 4
12 94 254 24.5 24.5 8.3 9.4 3.9
13 96 30.6 332 33.2 9 9 4
14 106 24.6 21.3 213 9.2 8.7 3.2
15 109 23.1 23.7 26.1 9.1 9.5 4.2
16 109 25.5 28.8 18.3 8.5 9.1 4
21 104 26.1 32.7 30.6 8.8 8.4 4.1
22 100 28.5 22.1 22.1 10.13 9.6 1.46
23 105 26.4 24.6 21 7.8 8.8 24
24 100 27.7 23.7 23.7 9.3 9.8 33
25 100 22.3 27.6 27.8 8.2 9.7 3.6
26 93 32.3 21.1 26.4 10.6 9.7 3.6
27 95 21.3 20.5 20.5 8.2 9.3 4.4
28 99 27.2 23.4 24.9 8.6 9 4.5
29 98 29.5 23.5 27.8 9.2 9.4 1.2
30 23.8 9.8 33
31 98 259 27.8 30 8.2 8.3 4
32 104 23.8 18.7 19.9 7.9 9.1 23
33 108 26.3 21.3 21.3 8.7 8.5 3.9
34 98 37.9 324 324 9 9 4.7
35 103 20.2 25.7 25.7 9.1 9.4 4.3
36 107 23.7 27.6 26.2 8.4 8.2 2.7
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ID InP a tbil b thil a dbil b dbil a | Cholesterol b | Cholesterol a
1 3.6 0.3 0.2 0.2 0.1 211 83
2 2.4 0.5 0.3 0.1 0.1 208 144
3 2.7 4.2 0.2 2 0.1 251 98
4 4.2 0.8 0.7 0.2 0.4 142 118
5 4.4 1.7 1.6 0.4 0.7 101 117
6 34 0.9 0.3 0.2 0.2 192 147
7 4.1 2.2 7.5 1.9 6.7 92 99
8 4.1 0.3 0.2 0.1 0.1 171 146
9 3.4 0.4 0.5 0.1 0.2 207 144
10 4.8 0.3 0.3 0.2 0.1 219 204
11 3.3 0.2 0.3 0.1 0.2 204 153
12 2.4 0.8 0.9 0.3 0.4 181 128
13 4.7 0.4 0.2 0.2 0.1 154 136
14 1.1 0.3 0.5 0.3 0.2 163 156
15 4.7 0.2 0.2 0.1 0.2 145 134
16 4.7 0.4 0.2 0.2 0.1 108 120

21 2.6 0.4 0.2 0.1 0.2 152 114
22 3 0.4 0.4 0.2 0.2 231 224
23 1 0.4 0.1 0.1 0.1 188 142
24 3.6 0.4 0.3 0.1 0.2 221 161
25 5.4 0.6 0.5 0.2 0.2 120 152
26 4.2 1 1 0.2 0.4 194 120
27 3.4 0.3 0.3 0.1 0.2 140 146
28 4.3 0.4 0.5 0.1 0.2 173 173
29 43 0.5 0.3 0.2 0.1 197 191
30 0.3 0.1 198

31 3.5 0.4 0.2 0.2 0.1 166 121
32 3.1 0.6 0.4 0.2 0.2 181 158
33 4.2 0.3 0.4 0.1 0.2 177 198
34 3.4 1.1 0.2 0.4 0.2 153 111
35 3.5 0.6 0.3 0.2 0.2 240 194
36 1.8 28.3 11.5 25.3 9.4 143 151
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Table C1 (Cont.) Raw data of patients

ID AST b | ASTa | ALT b | ALT a | ALP b | ALP a | GGT b
1 17 20 33 18 91 53 46
2 18 16 24 16 67 38 28
3 17 14 24 17 55 49 17
4 48 44 28 21 119 191 68
5 24 37 39 32 66 56 26
6 34 15 46 23 95 77 84
7 361 1771 158 363 832 494 380
8 11 67 24 55 73 72 33
9 23 90 41 61 60 99 33
10 190 107 60 59 24.4 136 169
11 24 17 24 19 115 92 49
12 22 28 27 30 74 353 33
13 35 16 49 25 383 222 480
14 32 15 32 15 85 45 30
15 14 40 25 59 63 100 27
16 35 19 26 19 74 84 57
21 12 18 59 32 73 72 47
22 55 54 31 20 148 112 139
23 23 32 23 29 64 92 50
24 21 47 37 84 67 197 48
25 17 24 26 29 17 7 13
26 13 31 47 45 138 135 168
27 23 26 40 32 84 99 78
28 18 17 27 15 76 68 22
29 16 36 25 28 66 62 25
30 13 26 132 39
31 23 23 27 19 82 41 23
32 26 39 34 41 51 92 39
33 37 39 39 41 54 50 14
34 20 40 23 14 184 145 53
35 21 42 39 66 95 97 37
36 412 91 205 79 159 154 93
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ID GGT _a TP b TP a Alb b Alb_a TG b TG a
1 81 69.8 58.1 38.1 28.3 115 92
2 19 64.8 59.3 36.2 30.1 117 83
3 35 67 64.2 43 31.9 81 94
4 116 53.7 59.1 20.1 21.6 81 126
5 18 78.3 69 46.8 37.9 96 114
6 48 76.4 75.1 32.9 323 75 86
7 438 60.9 43.2 28.3 16.9 56 71
8 102 70.5 69.9 42.8 39.2 258 232
9 125 74.5 68.7 47.1 38.7 138 335
10 148 65.5 58.3 323 26.3 200 155
11 36 87.9 81.8 43.4 37 171 149
12 106 62.6 58.5 31.8 26.5 134 368
13 297 59.3 63.8 29.1 33.2 97 235
14 37 69.5 59.2 41.1 30.4 100 94
15 153 80.6 79.2 42.2 39 99 219
16 41 67.9 73 26.2 24.9 166 167
21 63 60.6 50.5 373 26.5 119 254
22 151 78.9 74.9 40.8 33.7 116 98
23 184 76.1 60.7 28.7 30.3 67 183
24 60.1 82.7 82.3 46.9 40.8 65 87
25 26 56.3 63.4 37.5 36.1 114 102
26 296 71.7 68.7 43.9 32.8 96 268
27 238 69.3 73.5 34.4 33 90 123
28 18 69.5 74.6 36.3 32.7 71 86
29 44 71.9 73 39.9 36.7 66 162
30 84.1 45.1 170
31 28 543 52.4 30.5 26 57 110
32 69 54.4 66.5 26.7 28.7 146 123
33 19 53.7 55.2 33 353 91 120
34 80 70.5 65 30.4 25.5 119 135
35 127 79.7 77.8 45 41.3 171 125
36 114 523 58.1 28.1 26.1 332 712
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Table C1 (Cont.) Raw data of patients
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surgery | Disease Reason

ID status group | Handgrip b | Handgrip_a CY LikeCY | BMI b
1 2 3 20 25 25.46
2 2 1 10 10 21.79
3 2 6 18 20 17.48
4 1 6 7 9 16.73
5 1 3 29 35.5 18.25
6 3 7 16 18 17.71
7 3 4 7.5 5.5 15.24
8 2 6 31 40 24.3
9 2 1 15 17 25
10 1 4 8 6 16.03
11 2 1 8 9 23.54
12 1 5 8.5 7 21.64
13 2 2 18 18.5 17.58
14 2 6 15 17 22.14
15 2 1 44 50 25.82
16 2 1 8 10 22.22
21 2 2 25 25 1 1 21.49
22 2 1 13 17 3 1 23.57
23 2 1 20 19 1 1 17.04
24 2 4 25 19 1 1 3141
25 2 5 27 34 1 1 20.13
26 3 7 18 18 3 1 17.9
27 2 1 10 16 1 1 24.61
28 2 6 18 20 2 1 25.58
29 2 4 16 19 4 1 22.67
30 1 3 22.5 23 1 1 24.09
31 2 1 17 18 3 1 17.09
32 2 1 6 7 3 1 19.74
33 1 2 19 24 3 1 15.43
34 2 5 2 2 1 1 17.78
35 2 5 30 30 1 1 24.69
36 2 4 22 13 3 1 26.11
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ID BMI_a IBW Tricep b | Tricep.a | MAC b | MAC a
1 25.1 60.7 13 13 31 30.5
2 21.36 47.3 19 19 26 26
3 16.65 50 4.5 4.5 22 21
4 16.73 57.7 11 10.5 24.5 24.5
5 18.07 57.7 5 4.8 24.5 24.5
6 18.55 47.8 6.8 6.8 233 233
7 14.52 56.5 4.8 4.8 17 17
8 22.97 56.4 16.4 16.4 26.5 26.5
9 24.12 49.3 26 26.5 30 30
10 15.61 48.9 5.5 5.3 22 22
11 22.35 43.2 18.5 18.5 26.5 26.5
12 20.81 514 31 31 26 26
13 16.02 52.7 5.3 5.6 27 27
14 21 44.6 33 33 27.3 27
15 25.63 69 34.2 34 31.6 31.6
16 20.89 48.6 38 38 23.5 23.5
21 20.2 55.9 8.4 8.1 28.5 28
22 23.19 51 13.8 13.8 27 27
23 16.23 51.4 8 8 20 20
24 31.2 51 33 33 37 37
25 18.91 62.3 5.4 5.4 27.5 27
26 16.98 70.9 6 6 23.7 24
27 24.24 59.5 30 31.8 32 32
28 24.7 43.2 14 13.8 27 27
29 21.78 45.5 13 13.2 25.7 26
30 23.74 61.4 8.8 8.8 28.5 28.5
31 16.33 60.1 5.2 5.2 25 25
32 19.96 46.2 7.2 7.4 23 23
33 16.73 55 5.5 5.2 21.7 21.5
34 17.47 45.5 6.8 6.6 21.7 21.6
35 24.11 56.8 13.8 13.5 28.3 28.3
36 25.32 56 12.4 12.6 27.6 27.8
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ID APACHE b | APACHE_a | WBC RBC Hb Hcy

1 3 2 20.7 4.08 9.2 28

2 3 3 4.77 3.78 8.6 26.2

3 2 2 6.82 4.27 10.1 31

4 3 3 11.9 3.57 10.7 30

5 1 2 4.33 3.84 10.8 31.8

6 3 3 204 4.46 10.4 30.3

7 2 3 8.64 0.46 10 304

8 1 1 9.87 4.86 124 38.9

9 1 2 5.02 4.94 13.6 42.8
10 3 2 6.62 4.09 11.7 34.9
11 3 2 6.39 3.52 9.1 27.6
12 1 3 5.38 4.82 12.1 36.3
13 2 1 3.08 3.6 9.5 284
14 1 1 7.61 4.8 11.5 34.9
15 1 1 8.74 3.99 7.9 21.7
16 2 3 12.6 5.07 11.1 35.2
21 1 3 6.15 4.56 134 39.1
22 1 1 7.64 3.99 9.8 30.9
23 2 2 7.04 3.58 9.3 27.8
24 1 1 13.8 4.47 12.2 37.1
25 2 1 3.84 4.24 13 37.8
26 1 1 5.81 4.19 11.3 34.8
27 2 2 4.9 4.02 10 30
28 2 2 6.41 3.15 6.3 204
29 3 1 6.87 3.93 9.2 29.7
30 2 1 13.4 4.5 11.6 34.5
31 2 2 6.97 3.66 9 274
32 3 2 8.12 3.86 7.3 22.3
33 1 2 5.48 3.77 11 32.8
34 3 2 32.64 3.18 6 18.6
35 1 1 6.68 5.46 153 46.2
36 3 3 12.2 3.92 9.9 29
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ID MCV MCH MCHC RDW Plt

1 68.7 22.6 32.9 17 416

2 69.2 22.6 32.7 17.1 269

3 72.7 23.7 32.7 22.7 303

4 84.2 29.9 35.5 14.2 357

5 82.7 28.1 34 22.4 163

6 68 234 344 21 467

7 87.8 28.9 32.9 19.2 268

8 80 25.5 31.9 15.5 270

9 86.6 27.6 31.9 15.7 284
10 85.4 28.7 33.6 13.2 321
11 78.3 26 33.1 26.2 239
12 723 25.2 34.8 15.8 148
13 78.9 26.5 33.6 19.7 615
14 72.7 23.9 32.9 15.2 282
15 62 19.2 30.9 35.7 602
16 69.3 21.9 31.6 24 585
21 85.6 29.3 343 13.7 291
22 77.4 24.5 31.6 15.9 283
23 77.6 26 33.5 16.9 309
24 83 27.2 32.8 15.6 232
25 89.1 30.6 343 17 207
26 83 26.9 324 21 283
27 74.2 24.9 33.6 16.8 232
28 64.8 19.9 30.7 29.5 38
29 75.6 23.5 31.1 30.3 251
30 76.5 25.8 33.8 17.1 574
31 74.9 24.6 32.9 18.9 370
32 57.9 18.8 325 24.1 663
33 87 29.2 33.6 14.4 298
34 58.7 19 323 26.1 1053
35 84.6 28 33.1 15.6 277
36 73.9 25.2 34.2 16 249
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Table C2 Raw data of psycho-somatic impact

Mobility2 | Mobility3

Motility2 | Motility3 | Mobilityl

Motility1

Anx3

Anx2

Anx1

ID

10

11

12
13
14
15
16
21

22
23

24
25

26

27

28

29
30
31

32
33
34
35

36
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Table C2 (Cont.) Raw data of psycho-somatic impact

Annoy2 | Annoy3 | Feelingl | Feeling2 | Feeling3

Annoyl

Sleep3

Sleep?2

Sleepl

1D

10

11

12
13
14
15
16
21

22

23

24
25

26
27

28

29
30
31

32
33
34
35

36
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Table C3 Raw data of nurse

leak

intake

pt_care

detect

round

prepare

ptlike

decwork

Ward

1D

10

11

12
13
14
15
16
17
18
19
20
21

22
23

24
25

26

27

28

29

30
31

32
33
34
35

36
37
38
39
40
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