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Hemodynamic Changes after Protamine Administration

Association with Mortality after Coronary Artery Bypass Surgery
Ian J. Welsby, M.B.B.S.,* Mark F. Newman, M.D.,† Barbara Phillips-Bute, Ph.D.,* Robert H. Messier, M.D., Ph.D.,‡
Emil D. Kakkis, M.D., Ph.D.,§ Mark Stafford-Smith, M.D.�

Background: Protamine sulfate is standard therapy to reverse
heparin anticoagulation. Hemodynamic responses to prota-
mine are common, ranging from minor perturbations to car-
diovascular collapse. Although severe fatal reactions occur, the
relation of less extreme responses with postoperative mortality
is unknown. Therefore, the authors tested the hypothesis that
hemodynamic “protamine reactions” (systemic hypotension
and pulmonary hypertension) are associated with mortality
after cardiac surgery.

Methods: In a university hospital setting, the authors studied
6,921 coronary bypass patients using automated anesthesia re-
cord–keeping data and quality assurance databases. Degree/
duration integrals of systemic hypotension (< 100 mmHg) and
pulmonary hypertension (> 30 mmHg) for the 30-min after
protamine administration were assessed for linear associations
with mortality using multiple logistic regression models adjust-
ing for risk factors.

Results: Overall mortality was 2%; greater hemodynamic re-
sponses were associated with increased mortality by odds ratios
of 1.28 (systemic hypotension: 95% confidence interval, 1.14–
1.43; P < 0.001) and 1.27 (pulmonary hypertension: 95% con-
fidence interval, 1.06–1.48; P < 0.001) per 150-mmHg · min
increment. Proximity of the response to protamine administra-
tion strengthened the relation, which persisted after exclusion
of major hemodynamic disturbances. Tests for linearity con-
firmed an association even at the lowest range of values for
both pressure effects.

Conclusions: Hemodynamic perturbations after protamine
administration are independently related to in-hospital mortal-
ity after primary coronary artery bypass surgery; the relation is
present even in the lowest observed range of values for both
systemic hypotension and pulmonary hypertension. Although
randomized trials are necessary to address causality, this evi-
dence suggests that strategies that avoid or attenuate these re-
actions may improve patient care.

PROTAMINE sulfate is standard therapy for reversing
heparin anticoagulation during coronary artery bypass
graft (CABG) surgery. However, the safety of protamine
has been questioned because of adverse reactions rang-

ing from minor hemodynamic instability to fatal cardio-
vascular collapse.1–4 Although catastrophic events are
rare, major adverse responses related to protamine ad-
ministration occur during 2.6% of cardiac surgical pro-
cedures.3 These “protamine reactions” are highly associ-
ated with adverse postoperative outcome4 and are
exaggerated in patients with impaired myocardial func-
tion.5 Risk factors for protamine reaction are present in
39% of CABG surgery patients and include use of prota-
mine-containing insulin, previous drug reaction, and al-
lergy to protamine or fish.6

Protamine neutralization of heparin is often accompa-
nied by small decreases in systemic blood pressure and
increases in pulmonary artery pressure that are generally
considered as benign and inevitable.1,7,8 Although mech-
anistic understanding2,9–11 has generated numerous pre-
ventive strategies,7,12,13 none have been routinely
adopted. Although major adverse events related to pro-
tamine administration are associated with in-hospital
mortality,4 the extent to which so-called minor hemody-
namic responses to protamine are associated with out-
come is not known. In a population of 2,069 patients
undergoing cardiopulmonary bypass, Kimmel et al.4

identified 53 patients who met the criteria for an adverse
cardiorespiratory event temporally associated with pro-
tamine administration; mortality risk was increased more
than fourfold in this group. Transient blood pressure
changes around the time of protamine administration
were specifically not included; however, there is no
evidence to indicate that these transient perturbations
are insignificant. Therefore, we tested the hypothesis
that all degrees of systemic hypotension and pulmonary
hypertension after protamine administration are associ-
ated with mortality after cardiac surgery.

Materials and Methods

Patient Selection
With institutional review board approval (Duke Uni-

versity Medical Center, Durham, North Carolina), we
retrospectively studied 6,921 consecutive patients un-
dergoing primary elective CABG surgery at an institution
between 1993 and 2000. Patients were excluded if the
surgery was emergent, if the surgery involved additional
procedures or circulatory arrest, or if protamine admin-
istration was not documented. Patient characteristics
and other variables were obtained from the prospectively
collected Duke Cardiovascular Database,14 a quality assur-
ance database from contemporaneous medical records,
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custom data sheets, and records of laboratory results. Qual-
ity assurance involves random chart review for data confir-
mation and assessment of data completeness.

Risk Stratification
Risk factors for in-hospital mortality after CABG sur-

gery, identified by Hannan et al.15 in the New York State
population, were tested as a marker of preoperative
mortality risk. These include age, sex, severity of pre-
senting condition, preoperative intraaortic balloon coun-
terpulsation, left main coronary artery disease, history of
unstable angina, congestive cardiac failure, left ventric-
ular ejection fraction, and comorbidities such as chronic
obstructive pulmonary disease, diabetes, morbid obesity,
and dialysis dependency. Cardiopulmonary bypass (CPB)
duration was included for analysis as a marker of proce-
dure complexity and risk because it is directly correlated
with factors such as number of coronary grafts per-
formed and is significantly associated with in-hospital
mortality.16 In addition, postoperative need for intraaor-
tic balloon counterpulsation was recorded.

Determination of Intraoperative Variables
Protamine and hemodynamic data were obtained by

querying an automated anesthesia record–keeping sys-
tem (Arkive; Arkive Inc., San Diego, CA). Drug adminis-
tration is manually entered when it occurs17; hemody-
namic data are automatically downloaded by this system
at 1-min intervals.

To develop variables representing the range of hemo-
dynamic perturbation, minute-by-minute accumulated
“area under the line” for systolic arterial blood pressures
less than 100 mmHg during the first 30 min after prota-
mine administration was used as an index of systemic
hypotension (TsBP � 100); for all patients with a pulmo-
nary artery catheter, an equivalent “over the line” metric
was determined for pulmonary artery systolic pressures
greater than 30 mmHg (TsPAP � 30). For example, a sys-
tolic arterial blood pressure of 80 mmHg for 30 min
would equal a TsBP � 100 of 600 mmHg · min; a systolic
pulmonary artery blood pressure of 40 mmHg for 30 min
would equal a TsPAP � 30 of 300 mmHg · min. These
variables do not correspond with formal definitions of
systemic hypotension and pulmonary hypertension but
are indices that include almost all patients, providing
sensitive continuous variables to assess the relation of
hemodynamic perturbations and mortality.

In addition to linear analyses, we tested binary defini-
tions for “severe” systemic hypotension (� 30 mmHg be-
low baseline) and pulmonary hypertension (� 40 mmHg,
including an increase of at least 10 mmHg above base-
line). Baseline for each variable was the median value
derived from the 5 min before protamine administration.

Intraoperative Management
Anesthesia included methadone or diazepam premed-

ication, midazolam, fentanyl, thiopental, and isoflurane.
Pancuronium was used for muscle relaxation. Nonpulsa-
tile, hypothermic (28°–34°C) CPB was conducted using
a membrane oxygenator (Cobe CML; Cobe Inc., Arvada,
CO) after a crystalloid and mannitol prime and using an
arterial line filter (Cobe). Porcine heparin was adminis-
tered (300 U/kg) and supplemented during CPB to main-
tain an activated clotting time (Hemochron 801; Inter-
national Technidyne Corp., Edison, NJ) of greater than
480 s. Protamine sulfate (Eli Lilly, Indianapolis, IN) was
administered until the activated clotting time returned to
baseline or a ratio of 1 mg:100 U heparin was reached.
Although we do not have access to the specific rates of
protamine administration for our study patients, a typical
strategy would be to administer a 20-mg test dose that, if
tolerated, is then followed by removal of the aortic cannula
and the subsequent administration of 3–3.5 mg/kg as a
slow, intermittent bolus over 10 min through a periph-
eral vein. This is a low dose (typically approximately
0.7–0.8 mg protamine/100 U heparin given), and further
protamine in 25- to 50-mg increments is given as needed
based on an activated clotting time test performed 5 min
after the initial dose is completed. Occasionally, further
optional protamine doses are given in the intensive care
unit during the postoperative period, again based on
activated clotting time testing.

After separation from CPB and in the intensive care
unit, inotropic and vasoactive agents were used as nec-
essary to maintain a cardiac index of greater than 2.0 l ·
min�1 · m�2 and a mean arterial pressure of greater than
60 mmHg. A postoperative care pathway was followed
with the aim of discharge from the intensive care unit on
postoperative day 1 and from the hospital on postoper-
ative day 5.

Statistical Analysis
The primary outcome measure was in-hospital mortal-

ity. Descriptive statistics are presented as mean and SD
for continuous data and percentage for categorical data.
The Hannan score was described by the median and
25th–75th percentile range. Thirty-minute postprota-
mine linear hemodynamic measures and the odds ratio
and their 95% confidence intervals (CIs) were calculated.
The relations between 30-min postprotamine linear he-
modynamic measures and mortality was assessed using
multiple logistic regression, adjusting for preoperative
and intraoperative risk factors. Covariates were the com-
ponents of the Hannan score. In addition, duration of
CPB and number of grafts were included as markers of
procedure complexity. Initially, all terms were included
as predictors in a multivariable model, and terms not
significant at P � 0.05 were eliminated from the model
one at a time until only significant terms remained. A
c-index, or area under the receiver operating character-
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istic curve, was calculated to describe the predictive
ability of the model. The Hosmer–Lemeshow goodness-
of-fit statistic was calculated to assess how well the
models fit the data. Tolerance and variance inflation
diagnostics were performed on a model containing all
significant covariates to determine whether the presence
of multicollinearity among predictors. Predicted proba-
bilities of death for each patient were generated from
these models for graphing purposes, using mean values
to control for preoperative and intraoperative risk
factors.

The primary analyses were repeated for 15-min post-
protamine intervals to assess the relation of proximity of
hemodynamic responses to outcome. Equivalent analy-
ses were repeated using the binary definitions of hemo-
dynamic change as predictors in place of the continuous
variables.

Because degree-duration integrals do not distinguish
between large-brief and modest-sustained hemodynamic
changes, we repeated the primary analysis, excluding
patients who met our binary criteria as a marker for large
“severe” hemodynamic changes.

After a logistic regression model was developed for the
sample, further testing of our data included investigation
of nonlinear terms and combinations of linear terms or
splines. For example, if outliers were overly influential in
determining the slope of the line, we might expect to
see a deviation from linearity, or an “elbow,” where the
line was flat and then increased rapidly. By testing re-
stricted cubic splines, typically used to describe smooth
curves rather than elbows, we wanted to assess whether
higher-order terms would contribute explanatory power
to our model.

SAS version 8.02 (SAS Institute, Inc., Cary, NC) was
used for all analyses; a P value of less than 0.05 was
considered significant. All tests are two tailed.

Results

Of the 7,306 patients who met our inclusion criteria
with clinical outcomes data, we were able to match
6,846 (93.7%) to our database containing intraoperative
blood pressure data. Of the 6,846 patients included in
the study, a subgroup of 5,649 (82.5%) also had pulmo-
nary artery pressure monitoring. Seventy-five patients
were excluded because no protamine dose was record-
ed; only one case of protamine allergy was documented
in the anesthesia records. Patient characteristics and
other variables are listed in table 1. Predicted in-hospital
mortality (median Hannan score) was 2%; actual in-hos-
pital mortality was 2%. The mean time between first and
last dose of protamine in the operating room was 22 min
(SD 18), and the mean protamine dose was 257 � 95 mg.

Figure 1 illustrates the range of systolic arterial and
pulmonary artery systolic blood pressures measured

over the 30-min period after protamine administration.
Hemodynamic perturbations occurred within 10 min of
protamine administration for most patients (e.g., 20%
decrease in systemic blood pressure, 52% of patients;
20% increase in pulmonary artery pressure, 92% of
patients).

Strong associations of both systemic hypotension and
pulmonary artery hypertension related to protamine ad-
ministration with mortality are present in our data (table
2). After accounting for comorbidities and markers of
procedure complexity, the Hosmer–Lemeshow good-
ness-of-fit statistic, calculated for the systemic hypoten-
sion model (8 df, chi-square 2.56, P � 0.96) and the
pulmonary hypertension model (8 df, chi-square 5.58,
P � 0.69), did not support rejection of the null hypoth-
esis that the models provide a good fit to the data. The
c-index (area under the receiver operating characteristic
curve) was 0.78 for both the systemic hypotension
model and the pulmonary hypertension model. Toler-
ance values of the predictors range from 0.81 to 0.96
(corresponding to variance inflation values ranging from
1.03 to 1.24). Because the tolerance values are all greater
than 0.4, we conclude that the model is appropriate
statistically and no significant collinearity exists among

Table 1. Patient Characteristics and Procedural and Outcome
Variables

Characteristic (n � 6846) Value

Preoperative
Age, yr, mean � SD 64 � 11
Female 32%
African-American ethnicity 7%
Weight, kg, mean � SD 83 � 17
LVEF, %, mean � SD 52 � 14
Carotid bruit 10%
COPD 13%
CHF 17%
Diabetes 32%
Hypertension 68%
Hannan score (0.01 � 1% risk of death),

median (25th–75th percentiles)
0.019 (0.011–0.035)

Procedural
CPB duration, min, mean � SD 106 � 51
Number of proximal grafts

1 4%
2 17%
3 49%
�4 30%

Postoperative
Inotropes 14%
IABP (new onset) 2%
Cardiac arrest 1%
Respiratory failure (tracheal reintubation

or tracheostomy)
4%

Dialysis (new onset) 0.5%
Infection 4%
Extended postoperative stay (� 10 days) 7%
Mortality 2%

CHF � congestive heart failure; COPD � chronic obstructive pulmonary
disease; CPB � cardiopulmonary bypass; IABP � intraaortic balloon coun-
terpulsation; LVEF � left ventricular ejection fraction.
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our covariates. Other covariates associated with mortal-
ity risk are similar for both primary hemodynamic anal-
yses and resemble those previously reported,15 includ-
ing advanced age, female sex, history of congestive heart

failure, need for postoperative intraaortic balloon coun-
terpulsation, extended duration of CPB, reduced left
ventricular ejection fraction, and greater number of
grafts. Figures 2A and B illustrate the probability of death

Fig. 1. The frequency of systolic arterial
blood pressures (A) and systolic pulmo-
nary artery pressures (B) observed dur-
ing the 30 min after protamine adminis-
tration are depicted. Blood pressure
variables for all study patients are from
an automated anesthesia record–keeping
system, recorded at 1-min intervals.

Table 2. Measures of Systemic Hypotension (TsBP < 100) and Pulmonary Hypertension (TsPAP > 30) (See Text) and Associated
Mortality Odds Ratios, with and without Adjustment for Comorbidities and Surgery Complexity

Hemodynamic Variable
(mmHg � min): Survivors

Hemodynamic Variable
(mmHg � min):
Nonsurvivors

Mortality Odds Ratio (per
150-mmHg � min change)

and 95% Confidence
Interval

Adjusted Mortality Odds Ratio
(per 150-mmHg � min change)
and 95% Confidence Interval

Systemic hypotension (n � 6,846)
Primary analysis

TsBP � 100 (30 min) 101.6 (145.0) 184.4 (272.6) 1.34 (1.21–1.46) 1.27 (1.08–1.39)
Secondary analyses

TsBP � 100 (first 15 min) 56.3 (86.0) 91.6 (139.8) 1.52 (1.25–1.81) 1.36 (1.04–1.73)
TsBP � 100 (30 min, “severe”

responses excluded)
95.1 (139.6) 153.8 (249.9) 1.28 (1.12–1.43) 1.22 (1.04–1.40)

Pulmonary hypertension (n � 5,649)
Primary analysis

TsPAP � 30 (30 min) 46.1 (104.6) 104.3 (145.4) 1.50 (1.29–1.70) 1.37 (1.14–1.60)
Secondary analyses

TsPAP � 30 (first 15 min) 26.1 (58.0) 55.5 (78.8) 2.04 (1.55–2.62) 1.53 (1.03–1.39)
TsPAP � 30 (30 min, “severe”

responses excluded)
19.4 (55.5) 58.7 (108.0) 2.08 (1.60–2.64) 1.41 (1.02–1.88)

Hemodynamic changes during the 30 min after protamine are represented in the primary analysis; secondary analyses assess (1) the first 15 min after protamine
administration and (2) analysis with exclusion of “severe” hemodynamic changes (see text).
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with increasing TsBP � 100 and TsPAP � 30, respectively,
while controlling for preoperative and intraoperative
risk factors set at mean values. For example, TsBP � 100

values of 300, 600, and 900 mmHg · min are associated
with mortality rates of 3.0, 5.0, and 8.7%, respectively (fig.
2A); the mean TsBP � 100 is 100 � 148 mmHg · min. Based
on this SD, an increment of 150 mmHg · min was used for
odds ratio calculations of the association of TsBP � 100 (and
TsPAP � 30 for consistency). Similarly, TsPAP � 30 values of
300, 600, and 900 mmHg · min are associated with in-
hospital mortality rates of 2.6, 4.4, and 7.4%, respectively
(fig. 2B); the mean TsPAP � 30 is 56 � 110 mmHg · min.

Proximity of hemodynamic response to protamine ad-
ministration strengthens the relation between systemic
hypotension and pulmonary hypertension and mortality.
Analyses using 15- and 30-min observation periods after
protamine administration demonstrate a greater adjusted
odds ratio of mortality per 150 mmHg for the 15-min
assessment for both systemic hypotension (TsBP � 100:
1.40 [95% CI, 1.11–1.73] vs. 1.28 [95% CI, 1.14–1.43])
and pulmonary hypertension (TsPAP � 30: 1.50 [95% CI,
1.07–2.04] vs. 1.27 [95% CI, 1.06–1.48]; table 2). To
determine whether the associations of systemic blood
pressure and pulmonary pressure are independent of
each other, we constructed a model for the 30-min data
in which both blood pressure indices were included as
predictors, along with the previously described covari-
ates. Both the systemic and pulmonary pressure vari-
ables retained their significance in the model (TsBP � 100:
odds ratio, 1.28 [95% CI, 1.13–1.42]; P � 0.0001;
TsPAP � 30: odds ratio, 1.26 [95% CI, 1.05–1.47]; P �
0.007), indicating that they have independent effects on
mortality.

Table 3 illustrates binary definitions of systemic hypo-
tension (� 30 mmHg below baseline) and pulmonary
hypertension (� 40 mmHg, including an increase of at
least 10 mmHg above baseline) with mortality, adjusted
for preoperative and intraoperative risk factors; odds
ratios were calculated after controlling for preoperative
and intraoperative risk factors in a logistic regression
model. Overall, “severe” hemodynamic responses re-
lated to protamine were common; 23.6% of patients met
the definition of either systemic hypotension or pulmo-
nary hypertension, and mortality in this group was 3.4%,

Fig. 2. Relation between protamine-related systemic hypoten-
sion (A; n � 6,846; TsBP<100 [see text for definition]) and pulmo-
nary hypertension (B; n � 5,649; TsPAP>30 [see text for defini-
tion]), and in-hospital mortality (with 95% confidence
intervals), after accounting for preoperative comorbidities and
procedure complexity.

Table 3. Multivariate Associations of Binary Definitions of Systemic Hypotension and Pulmonary Hypertension with Mortality

Incidence, %
Adjusted Mortality Odds Ratio

(95% confidence interval) P value

Systemic hypotension (n � 6,846) 12.4 1.8 (1.1–2.8) 0.01
Pulmonary hypertension (n � 5,649) 15.8 1.50 (1.0–2.32) 0.04
Either of above (n � 5,649) 26.8 1.7 (1.2–2.5) 0.003
Both of above (n � 5,649) 1.4 2.8 (1.2–6.8) 0.005
Neither of above (n � 5,649) 73.2 0.57 (0.39–0.83) 0.003

Odds ratios (95% confidence intervals) were obtained after adjusting for Hannan score and cardiopulmonary bypass duration.

Pulmonary hypertension � systolic pulmonary artery pressure increase to � 40 mmHg, including an increase of at least 10 mmHg above baseline, systemic
hypotension � a reduction in systolic arterial blood pressure by � 30 mmHg below baseline.
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compared with 1.8% for the remainder. All typical he-
modynamic responses were associated with increased
mortality risk (table 3). To assess smaller sustained he-
modynamic changes, we performed a secondary analysis
excluding patients meeting our criteria for severe hemo-
dynamic responses outlined above; a strong relation per-
sisted with mortality for both systemic hypotension (P �
0.008) and pulmonary hypertension (P � 0.03).

To further assess the association of hemodynamic re-
sponses with mortality, we tested the possibility that our
data were not well described by linear models by inves-
tigating nonlinear terms and combinations of linear
terms or splines. We found no point in our data at which
a significant deviation from linearity could be detected.
In addition, a test of restricted cubic splines, which fit
smooth curves, determined that higher-order terms did
not add explanatory power to our model. These findings
indicate that a logistic regression model (which is linear
in the logit) is an appropriate description of the rela-
tions. This linearity supports an association between
hemodynamic responses and mortality throughout the
observed range of values.

Discussion

In our study, we found an independent relation be-
tween hemodynamic changes after protamine adminis-
tration and in-hospital mortality after primary CABG sur-
gery. Even after accounting for comorbidities and
procedure complexity, systemic hypotension and pul-
monary hypertension during the 30 min after protamine
administration are both independently associated with
in-hospital mortality. The relations are continuous over
the range of hemodynamic response and persist even
when severe reactions are removed from analysis. Tests
for linearity confirm associations even in the lowest
observed range of values for both pressure effects. Al-
though our findings suggest that common “minor” pro-
tamine reactions may not be benign and may even con-
tribute to adverse outcome, because no equivalent drug
devoid of adverse effects is available for comparison in a
randomized trial, it is only possible to speculate that a
direct causal link exists between protamine and mortal-
ity risk.

In a retrospective chart review of 2,159 cardiac surgi-
cal patients, Kimmel et al.4 reported an increased mor-
tality rate in the 2.6% of patients with major complica-
tions, including hemodynamic instability, temporally
related to protamine. We have extended this concept
using continuous variables that document the full range
of hemodynamic changes. Our findings indicate that
indices of hemodynamic change reflecting the degree
and duration of systemic hypotension and pulmonary
hypertension during the minutes after protamine admin-
istration can be used to predict mortality risk.

One of the limitations of a retrospective investigation
is the risk of incomplete or biased data. We used hemo-
dynamic data from an automated anesthesia record–
keeping system that should not be prone to error. Out-
comes for our study were taken from a prospectively
gathered quality-assurance database entered within sev-
eral days of hospital discharge that should be more
accurate and less biased than a traditional chart review.
A timing bias with regard to the charting of protamine
dosing is possible; however, it is standard at our institu-
tion to document drugs through the touch-screen format
located on the anesthesia machine as they are given. The
relation of hemodynamic responses to protamine dosing
in our study is supported by the strengthening of the
relation with increasing proximity to recorded time of
drug administration.

The relation of pulmonary artery hypertension after
protamine administration with adverse outcome in our
study may reflect the responses of patients with poor
myocardial function and increased baseline pulmonary
artery pressure. However, our secondary analysis using a
more stringent definition to assess acute pulmonary hy-
pertensive response still identifies an association of he-
modynamic response with mortality, even after control-
ling for markers of preoperative and intraoperative risk,
including left ventricular ejection fraction.

A criticism of our study is that we do not account for
clinical interventions to treat hemodynamic perturba-
tions. However, the majority of these would obscure the
hemodynamic perturbations and therefore reduce the
likelihood of identifying statistical association between
these responses and adverse outcome.

Other factors may be related to hemodynamic instabil-
ity after CPB involving surgical complexity or underlying
premorbid conditions that increase the risk of adverse
outcome. We designed our analysis to include markers
of preoperative mortality risk and intraoperative com-
plexity described in the literature15 and tested to con-
firm association with mortality in our population; we still
found hemodynamic instability after protamine adminis-
tration to be independently associated with mortality.

Cause and effect cannot be conclusively demonstrated
in a retrospective study, because uncontrolled confound-
ing may persist despite adjustments. However, it is im-
portant to explore potential pathophysiological mecha-
nisms. A direct link between catastrophic hemodynamic
collapse after protamine and mortality is easy to compre-
hend, but mechanistic links between the common, mod-
est hemodynamic changes and excess mortality in our
study have not been investigated. Complement activa-
tion and other related components of the inflammatory
response are linked to outcomes after cardiac surgery,
providing a plausible interpretation for our findings. He-
parin–protamine complexes are known to activate the
classic complement pathway9 and trigger release of in-
flammatory mediators.2,11 Complement fragments C3a
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and C5a (anaphylotoxins) degranulate basophils and
mast cells, releasing histamine, leukotrienes, and throm-
boxanes. C5a activates macrophages, monocytes, and
neutrophils, resulting in proteolytic enzyme and inter-
leukin-1 release, free radical generation, margination,
chemotaxis, and increased vascular permeability.18 His-
tamine contributes to cause the peripheral vasodilation
and systemic hypotension,19 consistently observed after
protamine reversal of heparin,8 whereas C5a and throm-
boxane, released after protamine, can precipitate pulmo-
nary hypertension and bronchospasm,11 thereby linking
our observations to pathophysiologic changes associated
with protamine. Complement activation after CABG sur-
gery is related to outcome, including postoperative ar-
rhythmias20 and pulmonary dysfunction.21 Similarly, in-
hibition of the complement cascade reduces leukocyte
and platelet activation22 and improves outcome after
CABG surgery.23 Although proinflammatory mediators
are activated during heparin reversal by protamine, a
direct link between these factors and adverse outcome,
including mortality risk, is unconfirmed and speculative
only.

Because the full range of blood pressure responses
related to protamine are associated with mortality risk
after cardiac surgery, hemodynamic “protamine reac-
tions” may be a useful metric to evaluate future therapies
aimed at avoiding associated adverse outcome.24,25 In
addition, investigations are necessary to assess whether
equivalent associations between protamine and out-
come exist in other procedures and settings where pro-
tamine is used.

In summary, hemodynamic responses in the 30 min
after protamine administration for heparin neutralization
during CABG surgery are associated with in-hospital mor-
tality after controlling for preoperative and intraopera-
tive risk factors, even in the lowest observed range of
values for both systemic hypotension and pulmonary
hypertension. This is consistent with and extends previ-
ous findings that major adverse events, temporally re-
lated to protamine administration, are associated with
increased mortality risk.4 Future randomized trials are
necessary to differentiate association from causality in
the relation between hemodynamic “protamine reac-
tions” and adverse outcome. These trials may also iden-
tify therapeutic strategies that reduce such hemody-
namic perturbations and improve patient outcome after
cardiac surgery.

The authors thank Cheryl J. Stetson, A.A.S. Paralegal Technology, Staff Assis-
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