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Abstract. Changes in tryptase levels during cardiac surgery in patients at low risk for allergic reactions.
Menekse Oksar, Hasibe G. Baytan, Selim Turhanoglu, Tayfun Aybek, Nazife Y. Ardicoglu, Oguzhan Ozcan.
Tryptase test can be used as a clinical marker of mast cell activation. The present study is was aimed to identify variations
in serum tryptase levels and their possible relationships with allergic reactions to protamine in low-risk patients
undergoing cardiac bypass surgery. Thirty patients according to American Society of Anesthesiologists physical status
11T who underwent cardiac bypass surgery were enrolled. This prospective, non-randomised, clinical study was conducted
in an operating room. Venous blood samples for tryptase measurements were obtained from cardiac bypass surgery
patients upon admission to the operating room and immediately before and 30 min after the initiation of protamine
administration. Signs of allergic reactions were recorded and management steps based on rapid effect response-based
clinical assessments for diagnosis and treatment decisions during protamine administrations were described. Serum
tryptase levels and clinical signs of allergic reactions, primarily mean arterial pressure (MAP), were recorded. Serum
tryptase levels increased significantly and progressively during the bypass procedure (study power, 8§0%, sample size,
28, power of analysis, 99.8% with a=0.05),; however, tryptase levels did not reach a sufficiently high level to confirm an
allergic reaction. The MAP and heart rate decreased in 50% of the patients. Although tryptase increased significantly
when compared with baseline levels, protamine-associated increases were not significant and failed to provide an
unequivocal indication of an allergic response to protamine.

Pedepar. 3minu piBHS TpUNTAa3M Mix Yac onepanii Ha cepli B MAiEHTIB 3 HU3HKUM PU3MKOM aJIePridyHUX peaKiii.
Menekce Oxcap, Xaci6e I'. Baiitan, Cexim Typxanoray, Taiidgyn Aiidex, Hasige M. Apaikoray, Ory:xan O3mkaH.
Tecm na mpunma3zy MOACHA BUKOPUCMOBYBAMU SIK KAHIUHUI MapKep axmueayii myynux xnimun. L{e docnioscenns mano
Ha Memi uABUMU 8apiayii pieHie MPUNMasu 6 CUPOBaAMyYi KPogi ma ix MOACIUBUIL 36 430K 3 ANEePAUHUMU PEaKYisMU HA
NPOMAamin y NAyicHmie 3 HU3LKUM PUSUKOM, SIKI nepeHeciu onepayilo cepyeso2o wynmysanns. byno sapeecmposano
30 nayienmis i3 gizuunum cmamycom Il 3a kiacughixayiero AMepuxkancbko2o mogapucmea amecmesionois, sKi
nepeneciu onepayilo cepyeoeo wiynmyeauns. Lle npocnexmuene Hepanoomizoeane Kiiniune O00CRiONHCeHHS 0YI0
npogedeHo 6 onepayiunil. 3pasku 8eHO3HOI Kpo8i OJid 8UMIPIOBAHHA Mpunmasu Oyau 63ami 6 nayicHmis 3 onepayicio
cepyeoeo WYHmMy8aHHs npu HAOX0O0XCeHHi 6 onepayiuny, 6e3nocepeonvo neped i uepes 30 xeunun nicis NOYAmKy
ggedenns npomaminy. Byno sapeccmposano o3maxu anepeiunux peaxyiti ma ORUCAHO emanu NiKY6AHHA HA OCHOGI
WBUOKOT KNIHIYHOL OYiHKU 8ION0BIOI 0J1 Ola2HOCMUKY Ma JIKY8aHHs NIO Yac 66edenHs npomaminy. Peecmpyesanu pisens
MpUnNmasy 8 cuposamyi Kposi ma KIHIYHI O3HAKU anepeiyHux peakxyill, Hacamnepeo cepeoHill apmepianbHull Muck
(CAT). Pigni mpunmasu 6 cupoeamyi Kpoei 3HAYHO Mda NPOSPECUSHO 3POCMANU NI0 HAC NPOYeoypu WLyHMYBAHHA
(nomyarcnicmo docnioxcennsa 80%, posmip eubipku 28; nomyxcnicms ananizy 99,8% 3 a=0,05),; oonax pieni mpunma3su
He 00csa2IU OOCAMHbO BUCOKO20 PisHs, wob niomeepoumu anepeiuny peaxyiro. CAT i wvacmoma cepyesux ckopoueHs
suusunuca y 50% nayicumis. Xoua pigeHvb mpunmasu Cymme8o 3pic NOPIBHAHO 3 GUXIOHUM DI6HeM, NiO8UWEeHHS,
nog’azane 3 NpomamiHom, He OYIO 3HAYHUM I He 3MO02N0 3a0e3nedumu OOHO3HAYHY O3HAKY anepeiuyHoi peakyii Ha
NnpomamiH.
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Protamine, a highly cationic protein [1] neutralises
the effects of heparin [2, 3] after a major cardio-
vascular surgery [4, 5]. Unfortunately, protamine
treatment causes haemodynamic instability that is
strongly associated with adverse postoperative out-
comes [6]. The reported risk factors independently
associated with adverse events are neutral
protamine Hagedorn insulin use, fish allergy and a
history of non-protamine medication allergy [7].
Adverse events occurred in 12.9% of patients
undergoing cardiopulmonary bypass; 13% of these
events were attributed to protamine in the medical
records and 2.4% were reported to the adverse drug
reporting programme [8].

Mature tryptase is a neutral serine protease loca-
lised in mast cell granules and on mast cell activation,
the mature and active tetrameric enzyme is released
with other mediators [9, 10]. In humans, several
isoenzymes are known, including a, B, y, & isoen-
zymes. [ tryptase is primarily stored in human
mastocytes and further classified into I, BII and BIII.
BI and BII differ only in one aminoacid at their
glycosylation site, whereas PIII differs in an
additional three aminoacids compared with Bl and BII
[11]. The total serum tryptase level increases after
severe allergic reactions and anaphylactoid reactions
[12]. Circulating tryptase mainly involves inactive
pro-P-tryptase, which is secreted constitutively rather
than stored in granules (as with mature tryptase), and
its level may temporarily increase during severe
systemic allergic reactions and can be used for diag-
nostic confirmation [13, 14]. High baseline tryptase
levels are also a risk factor for allergic reactions [15-17].
Additionally, a temporary increase in mature serum
tryptase can be used to distinguish IgE-mediated
reactions from non-IgE-mediated reactions [17, 27].

Intravenous protamine can cause acute severe
reactions that include rash, urticaria, bronchospasm,
elevated pulmonary-artery pressure, and hypotension
that leads to shock and death [18, 19, 20]. Moderate
and life treating systemic hypotension can occur in
grade II- III preoperative anaphylaxis [21]. Systemic
hypotension can occur due to a protamine reaction [6,
22]. However, although systemic hypotension can be
associated with major adverse events, [6, 28] it cannot
be clinically confirmed as a reaction to protamine unless
it results in severe shock and required vasopressor
therapy additionally to fluid administration.

The present study is aimed to identify variations
in serum tryptase levels and their possible rela-
tionships with allergic reactions to protamine in low-
risk patients undergoing cardiac bypass surgery.

MATERIALS AND METHODS OF RESEARCH

Patient monitoring included the following
examinations: (a) routine 5-lead electrocardiography,
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(b) DII and V5 monitoring during the surgery, (c) left
radial arterial cannulation and invasive blood pressure
monitoring, (d) right internal jugular vein catheteri-
sation and central venous pressure monitoring, ()
transesophageal echocardiography, (f) pulse oximetry,
(g) capnography, and (h) bispectrality index monitoring.
Anaesthesia, including midazolam (0.1 mgkg ™),
fentanyl (10 pgkg™), and rocuronium (0.6 mg kg ),
was administered, and patients received 6% desflurane
in 50% oxygen (balance air). Systemic heparinisation
was achieved using a dose of 350 U kg ™', and additional
doses were administered when required. Fentanyl,
midazolam and rocuronium were administered through
a cardiac pump during bypass surgery, and the activated
clotting time (ACT) was monitored. Protamine
(PROMIN; 5000 IU per 5 mL, VEM Pharmaceutical
Industry and Limited Company, Istanbul, Turkey) was
administered after weaning from cardiopulmonary
bypass (1 mg per 100-U heparin) to control the ACT.
Fluid/erythrocyte suspensions, whole blood, fresh
frozen plasma, inotropic agents and/or vasopressors
were administered, when required.

The applicable clinical characteristics that could
be considered as systemic signs of allergic reactions
to medication were assessed; skin signs were
recorded in addition to cardiovascular indications of
allergic reactions to protamine. Clinical signs of an
adverse reaction were as follows: a decrease in the
MAP from the critical level occurring within minutes,
which was persistent and required intervention (cri-
tical MAP limit: <50 mm Hg), a change in heart rate
(HR) (bradycardia <60 beats min' or tachycardia
>100 beats min '), and skin rash. Treatment consisted
of fluid administration initially, followed by admini-
stration of inotropic and/or vasopressor agents. The
results were assessed by observing improvements in
the cardiovascular signs of allergic reactions using
clinical monitoring data (Fig.). During recovery of the
left ventricle and restoration of spontaneous circulation,
the differential diagnosis and strategy for treating low
cardiac output were determined according to the
treatment-response steps cautiousyly. Data regarding
the administration of blood products, positive inotropic
agents and vasopressor agents were collected.

Venous blood samples for tryptase measurement
were obtained on admission to the operating room
(OR), immediately before protamine administration
and, on average, 30 min after the initial protamine
administration. The blood samples were centrifuged,
and the serum was stored at -20°C until tryptase
assays were performed (within 7-10 days of surgery).
Total tryptase levels (a- and [-tryptase) were
measured using Immuno CAP Tryptase kits (Phadia,
Uppsala, Sweden). An elevated mature B-tryptase
level was defined as a level>11.5ugL™, in
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accordance with the reference value provided by
Phadia. Serum tryptase levels indicative of mild
reactions and anaphylaxis were >11.5-25 ug L' and
>25 ug L', respectively. MAP and HR were re-

corded every 5 minutes during protamine admi-
nistration in order to not miss any possible changes in
MAP and HR, and every 10 minutes after completion
the administration for 60 minutes in total.

I ABP, (<70 mmHg systemic, or <50 mmHg MAP) I

I Normal CVP and TEE? |

\

\2

‘ Consider hypovolemia, and administer 100 mL fluid |

X Yes \L
Hypovolemia < _| Is ABP improved? |

Assess and correct metabolic deteriorations* and re-assess CVP ) 3

-
Ny

No

24

\Z
i NO

v v
Abnormal LV function and RV failure,
low cardiac output PVR

v

Consider low cardiac output, and
select the proper inotropic agent?

—— Improved
/ Cardlac ABP?
| pump
/ failure ) \/ )
and/or | \%
§ vasodilation | °
/ | — < YES No

| Consider hypovolemia and administer 100 mi fluid l

Administer fluid to

improve ABP and restore Improved ABP AND no
circulation® abnormal increase in CVP
(and/or heart swellmg)?

/

/

Consider anaphylaxis and administer epinephrine.
/ Check/correct metabolic parameters.

J

Improvement with epinephrine? Consider anaphylaxis

\

Start aggressive anaphylaxis treatment, draw venous
blood samples to assess mature  tryptase level

ABP - arterial blood pressure; MAP — mean arterial pressure; CVP— central venous pressure; TEE — transesophageal echocardiography; LV — left

ventricle; RV — right ventricle; PVR — pulmonary vascular resistance. *

— Possible metabolic deteriorations: 1. Low arterial pH: a) Increase in lactate

(lactic acidosis); b) Low HCO3; 2. Hypokalemia and hyperkalemia; 3. Hypocalcemia; 4. Hypoglycemia and hyperglycemia (Clinical points that need
to be evaluated: Low body temperature and concomitant oliguria/anuria; Abnormal increase in CVP; Poor left ventricular function; Vasodilation).

Flow chart for management of hypotension during cardiac bypass surgery:
Differential diagnosis of overlapping syndromes

Frequencies were calculated for categorical
variables, and descriptive statistics, including the mean
and median, were calculated for continuous variables.
Shapiro—Wilk normality tests were used to assess the
distribution of tryptase levels. Nonparametric tests were
used to compare medians in the absence of normal
distributions. The change in tryptase levels and other
differences between more than 2 dependent groups were
analysed using the Friedman test. Associations between
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continuous variables were assessed using Spearman’s
correlation coefficients. Multivariate tests were used to
calculate the analysis power through repeated measure-
ments of tryptase. The G* Power 3.1 package was used
to calculate the study power. Additionally, the as-
sociation between the administration of blood products
and tryptase levels was analysed. All statistical analyses
were performed using SPSS (version 22; IBM Corp.,
Armonk, NY, USA).
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This non-randomised, prospective study of serum
tryptase levels was approved by our institutional
ethics board (13 February 2014, approval number 5)
and was supported by institutional funds. Thirty
patients according to American Society of Anaesthe-
siologists physical status III, who underwent cardiac
bypass surgery, were enrolled in this study. All
patients provided written informed consent. Patients
who received protamine with insulin and those with a
history of drug allergies or atopy were excluded.
Additionally, to avoid confusion during recovery from
bypass, those with left ventricular dysfunction having an
ejection fraction of <40% were excluded. Premedication
was not administered to any patient. Research was

conducted in accordance with the principles of bioethics
set out in the WMA Declaration of Helsinki — “Ethical
principles for medical research involving human
subjects” and “Universal Declaration on Bioethics and
Human Rights” (UNESCO).

RESULTS AND DISCUSSION

Patient demographics, haemodynamic changes,
tryptase levels and other clinical variables relating to
potential allergic reactions with their values as range,
mean + standard deviation or patients’ number and
percentages are listed in Table 1. Following prota-
mine administration, 50% of the patients showed
decreases in HR and MAP.

Table 1

Patient demographics and intraoperative treatments

Variable Distribution Value
Female/male® 12/18 40.0/60.0
Age (years)’ 33-82 59.13 + 10.875
Weight (kg)" 65-100 81.70 + 8.707
BMI® (kg m )" 24.22-37.11 28.97 £2.928
HR! after PROTAMINE®
No decrease/or decrease’ 15/15 50.0/50.0
MAP? after PROTAMINE
No decrease/decrease” 15/15 50.0/50.0
RBC! (units)
0/1/2/3/4 14/3/11/1/1 46.7/10.0/36.7/3.3/3.3
Whole blood (units)
0/1 28/2 93.3/6.7
FFP! (units)
0/1/2 23/3/4 76.7/10.0/13.3
Glucose/insulin
No/Yes 29/1 96.7/3.3
Dopamine
No/Yes 21/9 70.0/30.0
Dobutamine
No/Yes 29/1 96.7/3.3
Norepinephrine
No/Yes 29/1 96.7/3.3

Notes: all data are expressed as numbers and percentages except for b — range, mean + standard deviation; ¢ — body mass index; d — heart rate; e —
protamine; f — decrease from 60/min; g — mean arterial pressure; h — decreases from 50 mmHg; i — packed red blood cells; j — fresh frozen plasma.
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Statistical differences in SBP, MAP and HR after
protamine administration are presented in Tables 2, 3
and 4 for multiple surgery times. There were significant
differences between the systolic blood pressure (SBP)
measurements performed at different time points

(p<0.001) (Table 2). There were significant differences
between MAP measurements performed at different
time points (p<<0.001) (Table 3). There were significant
differences between HR measurements performed at
different time points (p<<0.001) (Table 4).

Table 2

Intraoperative changes in systolic blood pressure (SBP)? measurements before
and after starting protamine administration

Confidence Interval

SBP (n=30) Median Min.-Maks. (%95) Friedman p

To.SBP Protamine 0 77.00 65-120 79.69-94.65 182.625 0,000%**

Fark:
T1.SBP Protamine 5 71.00 50-120 72.12-92.57 To- Ts, T, T7, Ts

Ti- T4, Ts,Ts, T7, Ts
T2.SBP Protamine 10 78.00 66-120 81.52-97.24 T2~ Ts, Te, T7. Ts
Ts- Te, T7, Ts
T3.SBP Protamine 15 84.00 70-120 85.85-100.36 Tf[' T’T'T”
5= 18

T4+.SBP Protamine 20 88.00 70-122 87.56-101.96
Ts.SBP Protamine 30 90.00 70-125 91.05-105.02
Te.SBP Protamine 40 97.00 68-125 93.26-107.15
T-.SBP Protamine 50 107.50 74-130 98.98-112.19
Ts.SBP Protamine 60 111.50 80-130 103.25-115.99

Notes: a — systolic blood pressure; b — SBP measurement sequence numbers for the surgical time points; * — p<0.05; ** — p<0.01; *** — p<0.001.

Table 3
Intraoperative changes in mean arterial pressure (MAP)? before
and after starting protamine administration
Median Min.-Maks. Confidence Interval (%95) Friedman P
59.50 43-93 57.33-68.26 150.571 0,000%%*
Fark:
53.00 37-93 54.28-67.38 To- Ts, T, T7, Ts
Ti- T4, T5,Te, T7, Ts

58.50 4991 58.69-69.51 T2-Ts, Te, T7. Ty
Ts-T7,Ts
T4-T7, Ts

62.00 50-91 61.53-71.37 Tty

64.50 50-92 62.31-71.96

66.50 51-93 64.3-73.76

70.50 51-94 65.57-74.84

71.50 52-95 68.27-77.11

74.00 53-95 69.66-78.62

Notes: a — mean arterial pressure; b — difference between the MAP me
p<0.01; *** — p<0.001.

asurement sequence numbers for the surgical time points; * — p<0.05; ** —

22/ Tom XXVIl/ 4

69



KJIIHI9HA MEJIHITHHA

Table 4
Intraoperative changes in heart rate (HR)? before
and after starting protamine administration
_ . . Confidence .
HR (n=30) Median Min.-Maks. Interval (%95) Friedman P
To.HR Protamine 0 62.00 45-90 59.94-69.79 84.660 0,000%**
Fark:
T;.HR Protamine 5 58.50 40-105 55.57-68.43 To-Ta, Ts, Ts, T2, Ts
Ti- T2, T3, T4, Ts
. Ti- T, T2, Ts

T.HR Protamine 10 78.00 60-115 71.84-81.26

T:.HR Protamine 15 79.00 62-118 73.48-82.38

Ts.HR Protamine 20 80.00 62-115 73.76-82.38

Ts.HR Protamine 30 80.00 64-115 76.62-85.31

Te.HR Protamine 40 80.00 64-100 77.71-83.81

T+.HR Protamine 50 80.00 64-99 78.97-84.48

Ts.HR Protamine 60 80.00 64-122 80.03-87.56

Notes: a — heart rate; b — HR measurement sequence numbers for the surgical time points; * — p<0.05; ** — p<0.01; *** — p<0.001.

Progressive increases in serum tryptase levels
were observed from the time of OR admission (T1) to
immediately before protamine administration (T2)
and 30 min after the initial protamine administration
(T3; p<0.001, Friedman test). Significant differences
were observed between baseline tryptase levels and
both intraoperative measurement points (T1 vs. T2,
p<0.001; T1 vs. T3, p<0.001); however, no signi-
ficant difference was observed between the tryptase
levels immediately before and 30 min after protamine
administration (T2 vs. T3, p>0.05) (Table 5). One
patient had elevated tryptase levels (>11.5 pg L") at
T2 and T3, and his baseline levels were also at the

upper limit of the normal range (11.5 ug L™). Increa-
ses in tryptase levels from T1 to T2 (p<0.011) and
from T1 to T3 (p<0.020) were significantly greater in
female patients than in male patients (Table 6). The
power to detect differences in tryptase levels was
99.8%, with a=0.05. The study power was calculated
as 80%, and the sample size was 28 throughout chan-
ges in tryptase repeated measurements (effect size f,
0.25; a, 0.05). No significant linear relationships were
found between tryptase levels and the use of
erythrocyte suspension, whole blood, or fresh frozen
plasma (p>0.05).

Table 5
Changes in serum tryptase levels (ug L) over multiple measurements
Difference
. . y among
N Median Min—-max Chi-square P dependent
groups
(T1) 30 341 1.2-11.5 39.200 0.000 (1-2,1-3)*
(T2) 30 413 2.29-12.70
(T3) 30 4.87 2.20-12.30

Notes: T1 — on admission to the operating room: T2 — immediately before protamine administration: T3 — 30 min after the initial protamine
administration; * — groups on the left side of the ranges significantly differ from those on the right side; no statistically significant differences between

groups on the right side.
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Table 6

Descriptive statistics for blood pressure and heart rate

Cardiac bypass

Before cardiac bypass

After weaning from the cardiac bypass

0* 10* 20%* 30% 40%* 50% 60* 0* 10* 20% 30% 40%* 50% 60*
Meant | Mean+x | Mean+ | Meanz= | Meant+ | Meant+ | Meant+ | Meant+ | Meant+ | Meant | Meant | Meant | Meant | Meant
SD SD SD SD SD SD SD SD SD SD SD SD SD SD
SBP 145.63+ 120.97 83.9+ 94.33+ 95.9+1 90.2+1 8347+ 86.67+ 88.73= 94.13+ 97.37+= 99.53+ 104.93 108.83
13.28 +13.94 15.1 18.99 4.75 3.36 9.76 19.52 20.61 18.9 18.41 18.31 +17.44 +£17.01
DBP 93.6+ 75.63+ 51.37+ 58.47+ 56.4+1 51.13+ 42.846. 50.63= 51% 52.77+ 5393+ 54.6+ 55.4+ 56.31+
10.83 16.85 13.68 12.32 0.36 8.67 13 12.51 12.07 10.73 10.91 10.75 10.89 11
MAP 11093+ 90.83+ 62.2+ 70.43+ 69.4+1 64.23+ 56.23+ 62.6+ 63.63t 66.63+ 68.5t 69.63+ 72.1+ 73.53+
11.12 15.02 13.57 13.47 0.39 9.5 6.31 14.15 14.21 12.77 12.56 12.38 11.88 12.04
HR 12697+ 100.7+ 82.3% 83.93+ 81.1+x1 77.73= 76.83t 64.7+ 7727+ 78.4% 80.87+ 80.67+ 81.67+ 83.67+
13.45 17.78 13.26 13.84 0.2 8.91 5.51 12.76 12.79 11.29 11.23 7.89 7.13 9.76
Note. * — Min.

Tryptase levels increased significantly before
protamine administration intraoperatively rather than
following protamine administration that we expected
to demonstrate. This observation is consistent with
the finding in a study by Krishna et al. [15] which
demonstrated that this phenomenon may be related to
the use of other drugs that can evoke allergic res-
ponses, such as rocuronium, midazolam, fentanyl,
antibiotics and heparin. Blood products also might be
areason to the increase in tryptase levels in this period
in our study population. Tryptase levels continued to
increase after protamine administration; however,
they did not reach the threshold indicative of an
allergic reaction to protamine (allergic reaction,
11.5 ug L™"; anaphylaxis, 25 pgL™"), except in 1
patient who had high baseline serum tryptase levels.
Significantly elevated baseline serum tryptase has
been shown to be associated with adverse reactions,
and anaphylaxis was more common in patients with
elevated baseline serum tryptase than in those without
elevated baseline serum tryptase (21% vs. 14%) [16].
Baseline tryptase levels were reported to be asso-
ciated with age and IgE levels [23]. Additionally,
severe reactions were reported to be associated with
lower IgE, older age, cardiovascular disease and
baseline serum tryptase >11.4 ug L™ [24]. However,
Borer-Reinhold et al. reported that even in cases with
low absolute tryptase levels, an increase in the
tryptase level by >135% of the baseline level during
a suspected hypersensitivity reaction indicated mast
cell activation [25]. In our study, although one patient
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had high tryptase levels that continued to increase
after protamine administration from 11.50 to
12.70 ug L', the increase was not high enough to
suspect anaphylaxis. A lower tryptase threshold was
reported to be associated with life-threatening allergic
reactions in cardiovascular surgery cases [26]. For
differentiating between life-threatening allergic
reactions under anaesthesia and cases of shock or
cardiac arrest, the authors determined that the
thresholds for plasma histamine and tryptase were
6.35nmol L' and 7.35 ug L™, respectively. There-
fore, the authors suggested decreasing the thresholds
for histamine and tryptase. In our study, two patients
with tryptase levels of 9.31 and 7.74 pg L™' just
before protamine administration exceeded the tryp-
tase threshold level suggested by these authors, with
levels increasing to 11.10 and 8.29 ug L™, respecti-
vely after protamine administration. Because of high
tryptase levels before protamine administration, these
increases can be attributed to protamine admini-
stration as well as other potential allergic intraope-
rative drugs; three patients exceeded the threshold
level suggested by these authors after protamine
administration, with levels increasing to 7.38, 9.64
and 7.75 ugL™'. Considering the lower tryptase
threshold level suggested by these authors, these
increases can be considered as allergic reactions to
protamine. Two other patients in our study exceeded the
same tryptase threshold at all time points, including at
baseline (patient 1; 8.01, 10.00 and 10.90 ug L' and
patient 2; 11.50, 12.70 and 12.30 pg L™"). Therefore,
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these increases can be attributed to protamine admi-
nistration as well as other potential allergic intraope-
rative and/or preoperative drugs.

In our study, a decrease in blood pressure was
observed during anaesthesia, but hypotension was a
frequent clinical finding after protamine admini-
stration was initiated. However, we did not determine
it was an allergic reaction. A concomitant decrease in
HR was another common clinical finding during
protamine administration in our study.

Not all of the clinical criteria indicative of anaphy-
laxis can be assessed in this population because of the
use of anaesthesia and surgical drapes. For this reason
and reasons related to the cardiac bypass procedure,
the diagnosis of severe allergic reactions is more
difficult in this study population than in regular
allergy patients and may require specific practical
guidelines. On the other hand, interventions that can
change metabolic parameters and acid-base
deterioration may cause additional deterioration of
myocardial function in patients with compromised
cardiac function. Dobutamine and norepinephrine
administration might be needed because these agents
are necessary to treat changes in cardiac function
resulting from the bypass procedure. Therefore, on
clinical assessment following treatment of hypoten-
sion only the need for epinephrine to improve hypo-
tension may indicate a clinical diagnosis of a severe
allergic reaction in this study.

CONCLUSION

1. Although tryptase levels increased significantly
when compared with baseline levels, protamine-
associated increases were not significant and failed to
provide an unequivocal indication of an allergic
response to protamine. However, with regard to

diagnostic tests, serial measurements of total tryptase
which can increase with a sequential decrease in
mature B-tryptase during cardiac surgery need to be
considered in future studies for confirming a clinical
diagnosis of anaphylaxis.

2. The study has several limitations. The inter-
pretation of the tryptase test is slightly confusing
because of its different cut-off points and thresholds
for allergic reactions. The sample size of our study
was small, and there was a low incidence of allergic
reactions. In fact, cardiovascular surgery cases can
differ from immunological cases in terms of intra-
operative procedures, potential allergic drugs used
and pathophysiological changes. Additionally, use of
anaesthesia and surgical drapes in these patients can
mask some of the clinical criteria used in the
diagnosis of allergic reactions.
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