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Abstract. Patients cotrolled analgesia (PCA) pump is an analgesic system where the patient is being deliverd a continuous
minimal basal infusion of analgesics (mostly opioids), and the patient can delivere himself an additional bolus of drug
by pushing the button. PCA pump is used for moderate to severe pain which requires multiple doses of IV analgesia. It is
said that as soon as a child can play computer games, he can use and understand the PCA system. PCA allows the patient
to have better analgesia with less dose of drugs than when it is used around the clock. During the first 24 hours, low doses
of continuous infusions (background) improve the quality of sleep in pediatric patients without increasing side effects PCA
is most commonly used on children for analgesia after major surgery, trauma with preserved sensorium, burns, sickle cell
disease, malignancy or painful consequences of chemo-therapy (pain due to mucositis) and in some cases of chronic pain.
Patients are generally started on a morphine infusion. Opioid switching in children is strongly recommended in the pres-
ence of inadequate analgesic effect and intolerable side effects. The usual, safe dose of morphine that provides adequate
postoperative analgesia is in pediatric patients 10—-30 mcg/kg/h. In pediatric population for PCA, fentanyl continuous
infusions (1 mcg/kg per hour) plus fentanyl boluses (1 mcg/kg) can be safely used. The advantage of PCA is that it elim-
inates the high peaks and low troughs by allowing the patient to press the demand bolus button when they begin to feel
pain. Most of them are very satisfied that they have participated in their own pain management. PCA allows safe analge-
sia in pediatric patients and lowers frequency of side effects. Patient indicates that their pain level is at a level acceptable
to them and that they are happy with this method of analgesia.
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Pain in pediatric patients has long been ignored because
of the wrong belief that children feel less pain, do not re-
member it, and that pain does not leave the consequences
(1). The assessment of pain in a child is a special challenge.
Today we know that the anatomical components necessary
for the feel of the pain have been developed already in the
25th week of gestation (2). On the other hand, endogenous
descendent inhibitory pathways are developing completely
when child is six months old (3). Good analgesia not only re-
duces stress response, but there are evidence that it reduces
morbidity and mortality, in particular in pediatric patients (2).

About 20 years ago, about 40% of surgical pediatric
patients had moderate to severe postoperative pain, and
about 75% did not have adequate analgesia (4). Except for
the above reasons, the cause was the fear of the side effects
of analgesics. Since then, knowledge has been advanced
about safe and effective analgesic techniques.

Patients cotrolled analgesia (PCA) pump was developed
and introduced by Philip H. Sechzer in the late 1960s and
described in 1971 (5). It is an analgesic system where the
patient is being deliverd a continuous minimal basal infusion
of analgesics (mostly opioids), and the patient can delivere
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himself an additional bolus of drug by pushing the button.
PCA pump is used for moderate to severe pain which re-
quires multiple doses of 1V analgesia.

It is said that as soon as a child can play computer
games, he can use and understand the PCA system (even
children aged 4 or 5 years) (6, 7). PCA allows the patient
to have better analgesia with less dose of drugs than when
it is used around the clock (8). During the first 24 hours,
low doses of continuous infusions (background) improve
the quality of sleep in pediatric patients without increasing
side effects (9).

If a nurse or a patient’s parent press the button, nursing
or parent controlled analgesia (NCA), usually larger doses
for background infusion with a longer “lockout” interval (ap-
proximately 30 minutes) are being used (2). If a patient is an
infant, there is usually no ‘background’ infusion, which al-
lows the nurse to titrate analgesic doses or to predict painful
episodes, with the implication of slower clearance of mor-
phine at this age.

Patient controlled epidural analgesia (PCEA) provides
excellent pain relief and few adverse events, but there is no
enough experience in pediatric patients (10, 11).

Patient Selection

PCA is most commonly used on children for analgesia af-
ter major surgery, trauma with preserved sensorium, burns,
sickle cell disease, malignancy or painful consequences
of chemo-therapy (pain due to mucositis) and in some cases
of chronic pain (2). Children who are suitable for using PCA
are identified by the anaesthetists preopertively. The child
and parents should be explained that only a patient can press
the button and that the pain may not completely disappear,
but will become tolerable and the patient is not overly se-
dated.

If we did not have time to preoperatively explain to the
patient the PCA system, we can do it in ICU immediately after
extubation as soon as the patient is able to understand it (12).
The child must have the physical ability and willing to push
the button of the handset and has a basic understanding
of what happens when the button is pushed (13). It is benefi-
cial for patients who like to maintain control of their environ-
ment, but some patients do not want to accept this respon-
sibility. Some children like to block out potentially unpleas-
ant experiences (14) and are more likely to expect an adult
to take responsibility for their pain relief. These children are
unlikely to use the PCA to its full potential.

Many parents, under the influence of the news from the
media, fear of the development of opioid dependence (15,
16). This fear is developing for years, it is difficult to break
it up with one conversation and can disrupt the parents’ de-
sire that their child uses PCA. Parents should be explained
that their child will not become dependent on opioids be-
cause they are given to reduce pain. If used for more than a
couple of days, dosage should be reduced gradually. Using a
PCA does not prevent patients from mobilising. It is when
the patient first starts to mobilise that they may need to use
the PCA more. PCA should not be stopped because the pa-
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tient needs to mobilise. PCA can be used only on the depart-
ments with adequate trained staff.

Prescription of the PCA

Patients are generally started on a morphine infusion. Opi-
oid switching in children is strongly recommended in the
presence of inadequate analgesic effect and intolerable side
effects (17). The usual, safe dose of morphine that provides
adequate postoperative analgesia is in pediatric patients
10-30 mcg/kg/h (2) (Table 1). In pediatric population for
PCA, fentanyl continuous infusions (1mcg / kg per hour)
plus fentanyl boluses (1 mcg/kg) can be safely used (18)
(Table 2).

Table 1. Morphine

Dissolution: 1 mg/kg is dissolved to 50 ml 0.9% NaCl
(1 ml = 20 mcg/kg)

Maximal dose in syringe 50 mg

Bolus dose 1 ml (20 mcg/kg)

Lockout interval 5-15 minutes

Background infusion 0-0.75 ml/h = 0-15 mcg/kg/h

(Based on maximum. 50 kg TT)

Maximum dose for 4h 300 mcg/kg

Table 2. Fentanyl

Dissolution: 20 mcg/kg is dissolved to 50 ml 0.9% NaCl
(1 ml = 0.4 mcg/kg)

Maximal dose in syringe 1 mg

Bolus dose 1 ml (0.25-0.4 mcg/kg)

Lockout interval 5-15 minutes

Background infusion 0.375—1 ml/h (0.15-0.4 mcg/kg/h)

Maximum dose for 4h 4 mcg/kg

If possible, the cannula should be placed in a non-domi-
nant arm. Naloxone, anti-emetic and additional (non-opioid)
analgesics are prescribed with opioids.

Naloxone IV injection (19):

e 1 month— 12 years: 5-10 mcg/kg if no response sub-

sequent dose of 100 mcg/kg (max 2 mg)

e 12-18 years: 1.5-3 mcg/kg if the response is inad-

equate, give increments of 100 mcg every 2 minutes

Neopoid analgesics save opioids and reduce their side ef-
fects (20). Additional opioids should not be prescribed with
PCA. Prescription drugs (especially naloxone) should always
be prescribed in advance for the treatment of possible side
effects. The handset should always be accessible to the child.
It should be explained to him that he shoud press the button
before a potentially painful procedure or activity.
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Contraindications for PCA:

Previous reactions to opiates,

Problematic upper respiratory tract,
Patient/parent/carer refusal

Physical inability to operate the PCA demand button
Impaired mental status

Head injury

Insufficient numbers of trained staff to ensure patient
safety

Monitoring

Before and after starting the PCA score of pain, the level
of sedation and the eventual occurrence of side effects must
be documented every hour during the first four hours, then
two times on two hours, and then on four hours (12).

Pain can not be adequately treated if it is not regular-
ly evaluated. For the evaluation of pain, the Golden Stan-
dard is “Self report”. Pain score should always be assessed
on movement e.g. coughing, deep breathing. If the score
is bigger than 4 at any time, then this should be addressed
and reassessed in %2 hour, then recorded hourly until a score
below 4 is established.

The pulse oximetry should be monitored for 24 hours. Re-
spiratory frequency, saturation, pulse, blood pressure, seda-
tion level, and pain score are documented 4 hours after PCA
is disconnected. Staff education is extremely important (20).

Every hour, you should check and document the num-
ber of successful and unsuccessful pressures on the button
as well as hourly and overall opioid infusion. All patients
should be at least once a day visited by anesthesiologist or a
member of the pain team.

If the patient feels pain despite the properly prescribed
doses of the PCA, the cause should be revealed. There are
several interventions that can be used. It is necessary to in-
volve parents, play specialist (i.e. for distraction, reassur-
ance, comforting etc) and to stimulate the child to pressure
handset if it may not have done so. The bolus dose may
need to be altered. Sometimes, if frequent boluses do not
correct the condition it is necessary to increase the back-
ground infusion that can be increased and/or give pre-
scribed multimodal analgesia. Always check the IV site for
patency. The surgical team should be contacted if the pain
could be indicative of surgical complications, or another
cause.

Side-effects

If a child is in electrolyte disbalance, dependent on opioid
or has previously shown side effects on the use of opioids,
special attention should be taken.

Opiates represent one of the four drug categories that
cause more than 60 % of serious adverse events in the Unit-
ed States (the others are anticoagulants, insulin, and antibi-
otics) (21). Common side-effects of a PCA/NCA, or acctually
opioids include nausea, sedation, respiratory depression and
pruritus (itching). It is very important to document findings
and action taken.

Sedation
The sedation level is scored as follows:
0 = Alert
1 = Mild, easy to rouse
2 = Easy to rouse, often drowsy
3 = Somnolent, difficult to rouse

If the patient has a sedation score of 3, STOP the infusion,
supervise the child, continuously monitor pulse oximetry
and give oxygen by mask at 5 litres/min until improvement
in sedation score and if necessary naloxone 2 to 4 mcg/kg
intravenously. Consider other possible causes of sedation
e.g. hypoglycaemia.

Respiratory depression
It is necessary to monitor and document the frequency and
depth of breathing as well as the respiratory effort. Respira-
tory depression can be defined as:

> 5 years — Respiratory rate <10 breaths/minute

<5 years — respiratory rate <18 breaths/minute

If respiratory depression occurs:

Remove the hand set from the child, stop PCA, adminis-
ter high flow oxygen at 10—15 litres via a non-rebreathe bag
and mask (5), monitor oxygen saturation continuously with
pulse oximeter and respiratory rate every 5 minutes. Inform
the aneasthesiologists and consider naloxone 2 to 4 mcg/kg
intravenously. Perform Basic Life Support if necessary (15).

The incidence of postoperative nausea and vomiting de-
pends on many factors including the anaesthetic used, the
type and duration of surgery and the patient’s gender. Con-
sider non-opioids related nausea and vomiting such as in-
tra-abdominal, sepsis, DKA etc. Our aim is to prevent post-
operative nausea and vomiting from occurring.

Nausea and vomiting scores are:

0 = None

1 = Mild nausea

2 = Nausea and retching

3 = Vomiting

If the patient complains on nausea or has been vomit-
ing, administer an anti-emetic (e.g. ondansetron 0.1 mg/kg
or dexametasone 0,0625—-0,15 mg/kg). Think about stop-
ping oral intake and/or aspirating a nasogastric or gastros-
tomy tube (if in situ).

Pruritus
Administer an anti-histamine (e.g. chlorphenamine) or nal-
oxone 0.5 mcg/kg intravenously (16).

Urinary retention is defined as the inability to empty the
bladder volitionally for greater than 12 hours with a volume
of urine greater than expected for age or a palpably distend-
ed bladder.

Commence fluid balance chart. Consider intravenous
naloxone 0.5 mcg/kg or intermittent catheterisation.

Constipation
Patients receiving PCA may require a laxative prescribed
regularly.
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Criteria for stopping PCA/NCA include ALL of the fol-
lowing:
e the patient is able to eat and drink and to take anal-
gesia per os
e their PCA opioid usage is minimal
e the child is comfortable and pain free

Discontinuation of the infusion pump:

e Usually is done in the morning

e First explain to the child and parents that we will stop
the PCA and why.

e Provide adequate analgesia with other drugs (parac-
etamol, NSAIDs, oral opioids)

o If the child feels moderate to severe pain after stop-
ping PCA, check the cause (e.g. site operation, blocked
urinary catheter, bladder spasms, blocked cannula,
colic pain, muscle spasms, muscle stiffness, referred
shoulder tip pain) and take appropriate actions (22).

It is not advisable to stop PCA analgesia in favour of in-
tramuscular analgesia. Maintain IV access and observe and
record observations for at least 4 hours after discontinuing
PCA/NCA. Remember that pain is the 5th vital sign.

One of the indications for PCA is cancer pain. More than
75 % of children dying of malignancies do not have ade-
quate analgesia (16). During the last 2 weeks of life, chil-
dren usually have a great need for opioids (23). Children
on PCA at the end of life are reported to have variable and
increasing need for opioids (24). Portable PCA exists in the
form of a computerized ambulatory drug device (CADD) and
there are few published reports regarding CADD use in the
Outpatient setting (25). The indications for PCA CADD use
at home include (17):

e an opioid is required for pain management or termi-

nal dyspnea;

e patient requires opioid therapy and the oral route
is not tolerated;

o family’s desire to be or remain at home and the child
has already commenced intravenous opioids in hos-
pital;

e inadequate analgesia using oral medications; and

e incident or breakthrough pain inadequately treated
with oral opioid analgesia.

The advantage of PCA is that it eliminates the high peaks
and low troughs by allowing the patient to press the demand
bolus button when they begin to feel pain. Most of them are
very satisfied that they have participated in their own pain
management. PCA allows safe analgesia in pediatric patients
and lowers frequency of side effects. Patient indicates that
their pain level is at a level acceptable to them and that they
are happy with this method of analgesia.
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KoHTposiboBaHa nauieHToM aHanresisi 111 HEMOBJISIT
Ta JliTei

Cimiy J."2, Byoiu 131, Cimiu 1!, Cmankosuu 3.!, MineHo-
euy M.>%, Cmeegiu M."?

! Mincnapoona oumsua nikaphs, beazpao, Cep6is

2 Meouunuii pakynvmem, Yuieepcumem Benzpada, Cepbis
3 [lenmpanvruti yenmp Hiwa, Cep6is

4 Meduunuti pakynemem, Ynigepcumem Hiwa, Cepbis

° Kninianuti yenmp, Cep0is

Pestome. [Tomna koHmpob08aHOI nayieRmMom ana-
eesii (KIA) — ye cucmema 3ne6oneHHA, wWo 3abe3ne-
qye nayienmy mpueany MinimManeHy 6a3anvHy IHPY-
3il0 aHabeemukie (nepesancHo onioidig) ma Haoae
liomy 3mozy 68e0eHHs 000amK08020 00’emy npe-
napamig npu HamuckaHHi Ha KHonky. [Tomna KIIA
8UKOPUCMOBYEMBCS 0J1S 3HUNCEHHS CUTILHO20 00110,
W0 8UMA2a€ 86€0€HHS 3HAYHUX 003 6HYMPIWIHbOBEH-
HUX aHalb2emukie. 3a3Ha4yaemscs, Wo no3ask ou-
muHa 30amHa 080100imu Komn’iomepom, 2paroyu
8 iepu, iii makoxc nio cuny 3po3ymimu npuHyun po6o-
mu KITA-cucmemu. KIIA 0o36o0a5€ nayichmy 3a6e3-
nequmu 0715 cebe Kpauwjy aHAI2€e3it0 3 MEHWOK 003010
npenapamis, HiNc KoJiu 60HU 3ACMOCOBYIOMbCA N020-
OUHHO. Ynpo0osxc nepwioi 000U HU3bKi 003U NPOJIOH-
208aHUX [HQY3ill (6a308i) 30inbWYyOMb KiCMb CHY
nediampuqHux nayienmie 6e3 3poCMAaHHs KilbKocmi
no6iunux e¢pexmie. KIA Hailuacmiwie 8uxopucmosy-
omb 0215 dimell 3 Memoio aHanzesii nicnsa eenuxkux
onepamueHux 6mpy4aHb, Mpasm 3i 30epenceHor
qymaueicmio, onikie, npu cepnonooioHOKAIMUHHIL
namoJsiozii, OHKOJ02IMHUX 3AX80PIOBAHHAX HU 00JI0-
yux Hacaiokax ximiomepanii (0ine yepe3 mykozumu)
ma y 0eskux eunaokax XpoHiuHozo 6omo. [layienmu
3a2a10M po3noHUHAOMb 3 IHPY3il MOPPIRY. 3amina
onioidy pekomeHOosaHa y Oimell, IKUM npenapamu
He 3abe3neuylomb adekeamHe 3He0OJEHHA a0O 8U-
Kaukarome Hecymichi nobiuni egpexkmu. 3assuyaii
0e3neuHol0 003010 MOPQIiHY, wo Hadae docmam-
HE 3HeOOoNIeHHa Y nediampuyHux nayienmie, € 10—
30 mke/ke/200. Y nediampuuniii nonynayii maxoc
besneynum € gukopucmanna KIIA 3a paxyHok npo-
JIOH208aHO20 68€0eHHs (penmaniny (1 mke/ke/200)
pasom 3 6010cHuUM tio2o 3acmocysannam (1 mxe/ke).
Iepesazoio KIIA € me, wo 8iH 00MeNCYE BUHUKHEHHS
BUCOKUX NiKi8 ma HU3bKUX NOKA3HUKIB, 00380J19104U
nayienmy HamucHymu Ha KHONKY nompeobu 6otocy,
KOJIU 80HU noquHaome 8ioyyeamu Oinb. Binbwicms
xeopux Oyxce 3a0080JeHI mum, Wo B0HU Oepymb
ydacmo y nikyeauHi enactozo 6oato. KITA 3abesne-
yye beanedHy ananeesito y nediampuyHux nayieHmie
i HUMCYY yacmomy nobiuHux epekmis. [ayienmu u-
3H@4awmMp, Wo pideHs ixHb020 600 € donycmuMuM
0719 HUX | W0 80HU wacauei eukopucmosysamu 0a-
Hull Memoo 3HeGOIEHHS.

KimouoBi cnoBa: konmponbo8ana nayienmom anance-
3ig, KI1A, dumsya ananeesis, nikyeanHs 6010

KoHTpoiupoBaHHasi nallMeHTOM aHaresusi AJisi MilajieHLieB
U aeTeit

Cumuy .2, Byouu U.>*, Cumuy 1., Cmankosuy 3., MuneHo-
euy M.>%, Cmeguu M."?

! Mexcoynapoonas demckas 6onvuya, benepad, Cepbus

2 Meouyunckuti pakynemem benepadckozo ynusepcumema
3 [lenmpanvhbiti yenmp Huwa, Cepbus

# Meduyunckuti ¢pakynemem, Yuusepcumem Huwa, Cepbus

% Knunuueckuti yenmp, Cepbus

Pestome. KommponuposarnHas nayueHmom aHanze3us
(KTIA) — cucmema o6e30o0nusanus, npu Komopol nayu-
eHm obecnequsaencs NPONOH2UPOBAHHOL MUHUMATLHOU
OasanbHoll uHGy3ueli aHanzemukos (8 60bULUHCMEE —
0nuoudoes), 4mo no3eoJisem npu HaAX¥CAmuu HA KHONKY
gsecmu emy 00noHUMebHbIL 00EM npenapamos. KI1A-
annapam ucnoaw3yemcs 0718 MOOEPUPOBAHUS CUJIbHBIX
00s1e8bIX OUWYWEHULT, MPEOYIOWUX MHONCECMBEHHbIE 003bl
BHYMPUBEHHbIX AHAI2EMUKO8. YKA3bleaemcs, 4mo ecnu
pebeHok cnocobeH uzpamb 8 KOMNbIOMepPHyle UZpbl, emy
noo cuny makxce nousme pabomy KI1A-cucmemvl. KIIA
no3gosisem umems nayuenmy ay4quull sgpgpexm om aHan-
2e3uu, npu 3MoM Ucnonb3ys MeHsule 003bl NPenapamoe,
yem K020a OHU 66004MCS 8 COOMBEMCMBUU C BPEMEHHbI-
mu unmepeanamu. Ha npomsancenuu nepevix 24 uacos
HU3Kue 003bl NPOJIOH2UPO8AHHOL UuH@Yy3uu (PoHosoll)
Ynydwarom Kaiecmso CHA Y neduampuyeckux NayueHmos
0e3 pocma konudecmaa no6ourbIx agpgpexkmos. KINA vauje
8cezo ucnomvayemcs y oemeli 071 00e3001UBAHUS NOCIE
OonbUIUX ONEPAMUBHBIX BMEWIAMETbCME, MPABM C COXPA-
HEHUeM YyecmeumensHoCmu, 0940208, NpU CEpnosUOHO-
KJIemOoH4HOl namoJiozuu, MajaiueHusayuu uau 6OJI€3H€HHbIX
nocnedcmeusx xumuomepanuu (6076 U3-3a MYKO3UmMos)
U 8 HEKOMOpPbIX CYHASX XpoHuyeckol bonu. [Tayuenmol
8 00WeM HaYUHAOM € UHPY3UL MOPPUHA. 3amMeHa onuou-
008 Yy Oemeli peKoMeHOYemcs npu HaNUYUU HeaOeK8AMHO-
20 00€3001UBAHUS U HECOBMECMUMBIX NOOOHHBIX IPek-
mos. O6bi4HO 6e3onacHas 003a MopduHa 0 neouampu-
4eCKUX NayueRmos, 0arow,asl Xopouwiuti aHanbee3upyrowuli
a¢pekm 6 nocaeonepayuoHHoOM nepuoode, cocmasssem
10-30 mxe/ke/4. [Ipononzuposattble uH@py3uu $eHma-
Huna (1 mKe/ke /1) nitoc 600cHoe 88edeHue peHmaHuIa
(1 mke/ke) mozym ucnonvsosamcs 6e3 onacerus npu KIA
cpedu neduampuyeckou nonynayuu. [Ipeumyuwecmso KI1A
cocmoum 8 moM, Ymo OHA 02PAHUHYUBAEeM BbICOKUE NUKU
U Hu3Kue YpoeHu 00U, NO36ONAS NAUUEHMY HANCAMb
Ha KHONKY 00JII0CHOU HA0O6HOCMU, K020a OH Ha4UHaem
yyecmeosams 00b. BombwiuHcmeo 0obHbIX YJ0o8em-
80peHbl meM, 4mo oHU bepym yqacmue 8 JieHeHuU ceoe-
20 6os1egozo cunopoma. KIIA obecnequsaem 6e3onachyo
aHaNb2e3UH0 07151 NeOUAMPUHECKUX NAYUEHMO8 U CHUNCA-
em Konuvecmso nobouHbix Ipdexmos. [layuermsi onpe-
Oengrom, 4mo YpogeHs Ux 0onu 56a5emcs 0onycmuMbim
0719 HUX U 4MO OHU CHACMJIUBHI UCNOJIb308AMb 3MOM Me-
moo aHanzesuu.

KiioueBble cioBa: koHmponupyemas nayueHmom aHa-
ee3us, KA, 0emckas ananzesus, nederue 60au




