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Background: The prognostic value of ST-segment resolution (STR) after initiation of reperfusion ther-
apy has been established by various studies conducted in both the thrombolytic and mechanic
reperfusion era. However, data regarding the value of STR immediately prior to primary percuta-
neous coronary intervention (PCI) to predict infarct-related artery (IRA) patency remain limited. We
investigated whether STR prior to primary PCI is a reliable, noninvasive indicator of IRA patency in
patients with ST-segment elevation myocardial infarction (STEMI).

Methods: The study population consisted of STEMI patients who underwent primary PCI at our
institution between 2000 and 2007. STR was analyzed in 12-lead electrocardiograms recorded at
first medical contact and immediately prior to primary PCI and defined as complete (≥70%), partial
(70% − 30%), or absent (<30%).

Results: In 1253 patients with a complete data set, STR was inversely related to the probability of
impaired preprocedural flow (Pfor trend < 0.001). Although the sensitivity of incomplete (<70%) STR
to predict a Thrombolysis in Myocardial Infarction (TIMI) flow of <3 was 96%, the specificity was
23%, and the negative predictive value of incomplete STR to predict normal coronary flow was only
44%.

Conclusions: This study establishes the correlation between STR prior to primary PCI and prepro-
cedural TIMI flow in STEMI patients treated with primary PCI. However, the negative predictive value
of incomplete STR for detection of TIMI-3 flow is only 44% and therefore should not be a criterion
to refrain from immediate coronary angiography in STEMI patients.
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Primary percutaneous coronary intervention (PCI)
is superior compared to fibrinolysis regarding sur-
vival in patients with ST-segment elevation my-
ocardial infarction (STEMI).1,2 This survival ben-
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efit is mainly due to a more effective restoration of
coronary artery patency by means of coronary an-
gioplasty.3–6 Several survival scores have incorpo-
rated postprocedural Thrombolysis in Myocardial
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Infarction (TIMI) flow through the infarct-related
artery (IRA) as an important component for risk
stratification of patients after primary PCI for
STEMI.7,8 Also, preprocedural TIMI flow has been
recognized as an important predictor of clinical out-
come.9 An analysis of randomized trials empha-
sized the prognostic significance of adequate TIMI
flow during diagnostic angiography prior to angio-
plasty. After multivariable analysis, preprocedural
TIMI-3 flow was a more powerful prognostic pre-
dictor than TIMI-3 flow after angioplasty,10 which
underscores the importance of early flow restora-
tion in STEMI patients.

While epicardial coronary flow has an impor-
tant impact, reperfusion therapy aims at myocar-
dial rather than just epicardial reperfusion. The re-
lationship between epicardial as well as myocardial
flow restoration and ST-segment resolution (STR)
has been established. Incomplete STR after reper-
fusion therapy, despite improved epicardial flow,
is associated with impaired microvascular circula-
tion and is an indicator of larger infarct size and
increased mortality.11–13 While there are extensive
data on the prognostic value of postprocedural STR,
data on the value of ST-segment changes preceding
primary PCI are limited. We sought to determine
if early STR in STEMI patients at the time of emer-
gency coronary angiography is a reliable, noninva-
sive indicator of coronary artery patency.

METHODS

Source Population

The data analyzed in our study were obtained
from STEMI patients who underwent primary PCI
at the Academic Medical Center – University of
Amsterdam between November 1, 2000 and Jan-
uary 1, 2007. Generally, primary PCIs were per-
formed according to current guidelines. Patients
with an indication for primary PCI received aspirin
(500 mg) and unfractionated heparin (5000 IU) dur-
ing transportation to the catheterization laboratory.
As per 2005, 300 mg of clopidogrel was added as
pretreatment prior to primary PCI. Prehospital gly-
coprotein IIb/IIIa inhibition was not administered.

We obtained information on 1-year vital sta-
tus from the institutional follow-up database of
PCI patients. Patients are surveyed 1 year after
PCI by means of a mailed, self-administered ques-
tionnaire. Information on mortality was synchro-
nized with computerized records from the National

Death Index. We reviewed outpatients’ files and
contacted general practitioners by telephone in
case of conflicting or missing data.

Data Sources

We utilized the local electronic database at the
catheterization laboratory to retrieve baseline de-
mographic variables, procedural and angiographic
information that had been prospectively collected
and entered by specialized nurses and interven-
tional cardiologists concurrently with routine pa-
tient care. This information included the operator’s
online assessment of antegrade flow using the TIMI
scale14 and preprocedural luminal obstruction.

ECG Collection and Analysis

For all STEMI patients who underwent primary
PCI at our center, we retrospectively sought to col-
lect 12-lead electrocardiograms (ECGs) recorded at
first medical contact, either by ambulance person-
nel, at a referring hospital without PCI facility,
or at our emergency department. These ECGs at
first medical contact were then matched with 12-
lead recordings obtained at our catheterization lab-
oratory immediately prior to arterial puncture and
emergency coronary angiography.

ECGs of included patients were analyzed by one
experienced investigator (N.V.), unaware of the an-
giographic and outcome data. ST-segment deviation
was measured with a handheld caliper and mag-
nifying glass at 80 milliseconds after the J-point in
all available leads. The TP-segment was considered
the preferred iso-electric baseline and ST-segment
deviation was measured to the nearest 0.05 mV. We
calculated the cumulative ST-segment deviation as
the total sum of the absolute value of ST-segment
deviations in all 12 standard leads of the ECG.
We defined STR as the relative difference (in%) of
the cumulative ST-segment deviation between the
12-lead ECG at first medical contact and the im-
mediately preprocedural 12-lead ECG. In case of
missing leads or artifacts, patients were included
if at least 50% of the corresponding, infarct-related
leads were suitable for ST-segment analysis. Ac-
cording to validated algorithms, leads V1 to V6, I,
and aVL were considered directly infarct-related in
anterior myocardial infarction (MI); II, III, aVF, V5,
and V6 in nonanterior MI. We classified STR into
complete (≥70%), partial (between 70% and 30%),
or absent (<30%), according to Schröder et al.15
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Study Population

We included all STEMI patients who underwent
primary PCI at our institution and from whom
matched ECGs could be retrieved. We excluded
patients who underwent primary PCI of the left
main coronary artery or a bypass graft because of
the distinctive ECG pattern observed in such cases.
Patients who underwent primary PCI but whose
matched ECGs did not meet the ESC/ACC crite-
ria for STEMI16 were excluded from ST-segment
analysis. Patients with recordings containing com-
plete left bundle branch block, an accelerated id-
ioventricular rhythm, a paced rhythm, or severe
artifacts, which restrain from accurate ST-segment
evaluation, were also excluded.

Statistical Analyses

Normally distributed, continuous variables are
expressed as means (±SD) and were compared us-
ing a Student’s t-test. Other continuous data are ex-
pressed as median with interquartile range (IQR).
All categorical variables are depicted using absolute
and relative frequency distributions and the chi-
square test was used to make a comparison. We
performed a power calculation assuming a single
one-way contrast between the proportions in three
groups (STR < 30%, 30% ≤ STR < 70%, STR ≥
70%) with unequal size using a logistic model.
With current sample size (N = 1253), the study
had 80% power to detect a trend of −0.035 using a
2-sided test with a significance level of 0.05. With
a receiver-operating-characteristic (ROC) analysis,
we evaluated the diagnostic performance of STR at
different cutoffs besides the established 30% and
70%. Because a high sensitivity is desirable for de-
tection of impaired TIMI flow, we determined that
an optimal cutoff should at least have a sensitivity
of 90%.

Logistic regression analysis was used to deter-
mine whether preprocedural STR accurately pre-
dicts IRA patency after adjustment for potential
confounding baseline characteristics. All variables
were entered in block. All-cause mortality-rate
estimates were calculated by the Kaplan–Meier
method and compared using the log-rank statis-
tic. We defined a high-risk subgroup of patients
suffering an anterior STEMI and/or with advanced
age (≥75 years). For all tests, differences were sig-
nificant if the 2-sided P-value was less than 0.05.
All analyses were performed using SPSS software

package (Version 14.0; SPSS, Inc., Chicago, IL,
USA).

RESULTS

Study Cohort

The study cohort consisted of 1253 (39%) patients
with a complete data set, extracted from a pop-
ulation of 3185 patients who underwent primary
PCI at our medical center. Missing ECGs at first
medical contact or poor quality ECGs contributed
largely to the selection of patients (Fig. 1). Baseline
and procedural characteristics of the study cohort
are depicted in Table 1.

Electrocardiography

The ECG at first medical contact was recorded
at a median time of 99 minutes (IQR 63; 160) after
symptom onset. The preprocedural ECG was per-
formed at a median time of 64 minutes (IQR 50; 87)
after the ECG recording at first medical contact and
10 minutes (IQR 4; 17) before restoration of IRA pa-
tency, which signifies a median contact-to-balloon
time of 74 minutes.

On average 98% of the standard leads on each
ECG could be analyzed. ECG analysis showed
incomplete STR (<70%) or even additional ST-
segment elevation between the ECG at first medi-
cal contact and preprocedural ECG in the majority
(74%) of patients.

Angiography

In 560 (45%) patients, emergency angiography
showed anterior STEMI, while the majority (693
patients [55%]) suffered from nonanterior STEMI.
Diagnostic angiography revealed impaired coro-
nary flow (TIMI flow 0–2) in 1093 patients (87%).

Characteristics of included patients according to
preprocedural TIMI flow are depicted in Table 2.
Except for a higher percentage of current smok-
ers and patients with a family history of coronary
artery disease with preprocedural TIMI-3 flow,
baseline characteristics of the groups were com-
parable. On the other hand, preprocedural TIMI
flow was significantly associated with procedural
characteristics and prognostic indicators such as
a preprocedural luminal obstruction, postprocedu-
ral TIMI-3 flow, the need for intraaortic balloon
pump insertion, total ischemic time and peak CK-
MB values.
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Figure 1. Selection study population. Overview of selection of patients suitable
for inclusion in this study.

Preprocedural STR

STR was associated with the probability of im-
paired TIMI flow during angiography prior to pri-
mary PCI. Categorical STR was inversely related
to the probability of impaired preprocedural flow
(Pfor trend < 0.001, Table 3). On the basis of ROC
analysis (area under the curve 0.68, P < 0.001), we
identified a range of STR cutoffs with acceptable
diagnostic accuracy (Fig. 2). A sensitivity of at least
90% was achieved at cutoffs of 50% or higher, with
negative likelihood ratios decreasing from 0.23 at
50% to 0.17 at a cutoff of 70%. The sensitivity of
incomplete STR at a cutoff of 70% for identifying
impaired coronary flow prior PCI was 96%.

At a cutoff of 70%, only 36 of 81 patients with
≥70% STR showed TIMI-3 flow through the IRA
during emergency coronary angiography, which re-
sulted in a negative predictive value of 44% and a
specificity of 23% (Table 4). The test properties of
preprocedural STR (with cutoffs at 30% and 70%)
as a marker of impaired coronary flow prior to pri-
mary PCI are depicted in Table 4. Furthermore, 51
in a subgroup of 81 patients with complete STR
prior to primary PCI did not have enough residual
ST-segment elevation to meet the current STEMI
criteria.16 Of these 51 patients with nonindicative

preprocedural ECG, 28 (55%) had impaired flow
during emergency angiography. Presence of ST-
segment elevation on the preprocedural ECG in-
dicative for STEMI did not predict preprocedural
impaired TIMI flow in this complete STR patient
subgroup (57% vs 55%; P = 0.88, Table 5).

Multivariable logistic regression identified com-
plete STR prior to emergency angiography as an in-
dependent predictor of preprocedural TIMI-3 flow
with an odds ratio (OR) of 7.3 (95% CI 4.5–12.0; P <

0.001). It furthermore showed a relative increase of
2.9% in probability of preprocedural TIMI-3 flow
with each percent of improved STR (OR 1.029, 95%
CI 1.02–1.04; P < 0.001).

Survival Analysis

Follow-up was completed in 1247 patients
(>99%). At 1 year after primary PCI, 68 patients
(5%) had died. Complete (≥70%) STR prior to pri-
mary PCI did not predict 1-year mortality (P =
0.83). Patients with preprocedural TIMI-3 flow
showed a trend toward improved long-term sur-
vival compared to patients with impaired epicardial
flow prior to primary PCI (P = 0.17), although sta-
tistical significance was not reached. In a subgroup
analysis, TIMI-3 flow prior to primary PCI showed
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Table 1. Baseline and Procedural Characteristics
of Included STEMI Patients Who Underwent

Primary PCI

STEMI Patients
Included

Characteristic (n = 1253)

Age (years [SD]) 60 (13)
Male gender (%) 72
Current smoking (%) 48
Family history (%) 44
Diabetes mellitus (%) 11
BMI (kg/m2[SD]) 27 (4)
Hypertension (%) 33
Hypercholesterolemia (%) 24
Previous MI (%) 12
Previous CABG (%) 1
Previous PCI (%) 7
Anterior MI (%) 45
Multivessel disease (%) 32
Pre-PCI TIMI flow 0–2 (%) 87
Stent inserted (%) 85
IABP inserted (%) 6
Procedural success (%) 97
Total ischemic time (minutes [IQR]) 176 (133–244)
Peak CK-MB (μg/L [IQR])∗ 260 (134–436)

∗Data available in 764 patients (61%). Standard deviations
and interquartile ranges in parenthesis.
BMI = body mass index; CABG coronary artery bypass
graft surgery; IABP = intraaortic balloon pump; IQR =
interquartile range; MI = myocardial infarction; PCI = per-
cutaneous coronary intervention; SD = standard deviation;
STEMI = ST-segment elevation myocardial infarction; TIMI =
Thrombolysis in Myocardial Infarction.

to be particularly predictive for 1-year survival in a
high-risk patient population (Fig. 3, Panel B). Pres-
ence of normal TIMI-3 flow after primary PCI was
more likely in patients who presented with normal
flow prior to the procedure compared to patients
with a preprocedural TIMI flow of 0–2 (98% vs
88%; P < 0.001).

DISCUSSION

To our knowledge, the present study is the first
to investigate whether STR prior to primary PCI
could be a real time pathophysiological indica-
tor of epicardial reperfusion in patients suffering
from STEMI. Despite the correlations shown in this
study, clinical usefulness of STR to assess restora-
tion of coronary flow is likely to be limited, because
in more than half of primary PCI patients with com-
plete preprocedural STR impaired coronary flow
was found during angiography. Furthermore, even

in patients with complete STR prior to primary PCI
resulting in a preprocedural ECG nonindicative for
STEMI, more than 50% had a preprocedural TIMI
flow less than 3. Therefore, in STEMI patients with
temporary ST-segment elevation prior to primary
PCI, this noninvasive measure should not withhold
operators to assess flow through the IRA by emer-
gency coronary angiography.

Preprocedural STR and TIMI Flow

Several studies showed the association between
STR after pharmacological or mechanical therapy
and long-term mortality in STEMI patients.13,17–22

Even in patients with documented, successful epi-
cardial revascularization, absence of STR after ini-
tiation of therapy was associated with higher mor-
tality, likely due to impaired microvascular reper-
fusion. As an indicator of IRA patency, correlation
between STR and TIMI flow at 90 minutes after
start of thrombolysis was investigated by De Lemos
et al. A relatively low specificity of persistent ST-
segment elevation for IRA occlusion was found,
triggering the need for more accurate noninvasive
makers of reperfusion.23 However, STR was eval-
uated at a median of 5.5 hours after symptom on-
set, which could have resulted in more extensive
microvascular damage influencing ST-segment re-
covery despite presence of IRA patency.

In the setting of facilitated PCI for acute STEMI,
the FINESSE investigators confirmed the correla-
tion between pre-PCI STR and TIMI-3 flow, al-
though STR was not evaluated at the same time
coronary angiography was performed and the me-
dian time from onset symptoms-to-balloon was
longer than 4 hours. The reported nonlinear re-
lationship between treatment delay and mortality
benefit in patients with acute STEMI stresses the
importance of IRA flow restoration within the first
hours after symptom onset.24

This study confirmed the correlation between
STR prior to primary PCI and the occurrence of
reperfusion of the IRA in STEMI patients. How-
ever, the diagnostic accuracy of STR to predict IRA
patency was limited. More than 50% of patients
with adequate STR (≥70%) showed a TIMI flow
less than 3 during acute diagnostic angiography
of the IRA. Even in a subgroup of patients with
a pre-PCI ECG without enough ST-segment eleva-
tion to meet the electrocardiographic STEMI crite-
ria, 55% had impaired flow during emergency an-
giography and herewith an indication for PCI. An
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Table 2. Demographic and Procedural Characteristics According to Preprocedural TIMI Flow

TIMI 0–1 TIMI-2 TIMI-3
Characteristic (n = 957) (n = 136) (n = 160) P

Age (years ± SD) 60 (13) 61 (13) 60 (13) 0.64
Male gender (%) 72 74 66 0.23
Current smoking (%) 47 45 59 0.02
Family history (%) 44 37 52 0.03
Diabetes Mellitus (%) 10 14 13 0.33
BMI (kg/m2[SD]) 27 (4) 27 (4) 26 (5) 0.25
Hypertension (%) 33 28 34 0.45
Hypercholesterolemia (%) 23 27 22 0.63
Previous MI (%) 12 9 11 0.47
Previous CABG (%) 1 1 0 0.46
Previous PCI (%) 7 6 5 0.60
Anterior MI (%) 43 52 47 0.09
Pre-PCI luminal obstruction >90% (%) 97 89 85 <0.01
Multivessel disease (%) 32 35 31 0.67
Stent inserted (%) 83 93 91 <0.01
IABP inserted (%) 7 6 1 <0.01
Post-PCI TIMI-3 flow (%) 87 90 98 <0.01
Total ischemic time (minutes [IQR]) 181 (134–250) 170 (120–233) 173 (139–234) 0.04
Peak CK-MB (μg/L [IQR])∗ 286 (155–471) 156 (64–295) 132 (54–291) <0.01

∗Data available in 764 patients. Standard deviations and interquartile ranges in parenthesis.
BMI = body mass index; CABG coronary artery bypass graft surgery; IABP = intraaortic balloon pump; IQR = interquartile
range; MI = myocardial infarction; PCI = percutaneous coronary intervention; SD = standard deviation; STEMI = ST-segment
elevation myocardial infarction; TIMI = Thrombolysis in Myocardial Infarction.

explanation for these discrepancies could be the re-
cruitment of a collateral circulation in response to
prolonged ischemia or ischemia-induced precondi-
tioning, which could protect the threatened my-
ocardium.25,26 Furthermore, the ischemia-related
changes of transmembrane action potentials of in-
dividual cardiomyocytes during prolonged trans-
mural ischemia could contribute to this observa-
tion.27,28 In patients with an occluded coronary
artery prior to primary PCI, the observation of
adequate preprocedural STR could identify a sub-
group with relatively benign prognosis, as sug-

Table 3. Association between Preprocedural STR
Prior to Primary PCI and Impaired Preprocedural

Flow (TIMI 0–2)

STR Pre-PCI—All
Patients TIMI 0–2 P∗

<30% (n = 930) 92% (853/930)
30–70% (n = 242) 81% (195/242)

⎫⎬
⎭ <0.001

>70% (n = 81) 56% (45/81)

∗Comparison by means of Cochran–Armitage test. Values are
percentages (fractions) unless otherwise indicated.
PCI = percutaneous coronary intervention; STR = ST-
segment resolution; TIMI = Thrombolysis in Myocardial
Infarction.

gested previously.29 A potential survival benefit
was not found in present study, mainly because of
the limited number of events in this subgroup.

Serial ECG Recordings

We used serial 12-lead ECG recordings to doc-
ument ST-segment changes over time. As a con-
sequence, information on the dynamic behavior of
the 12-lead ECG over time, both spontaneously and
in response to medication, was not available in this
study. Continuous registration of the ECG provides
more precise monitoring of the severity of transmu-
ral ischemia. This provides physicians with a more
reliable assessment of maximum ST-segment ele-
vation and therefore a more accurate estimation of
ST-segment changes prior to the procedure.30 How-
ever, in contrast to the nonocclusive pathogene-
sis of non-ST-elevation myocardial infarction,31 the
IRA is continuously occluded in the vast majority of
STEMI patients during the first hours of ischemia.32

This implies a more stable level of transmural is-
chemia resulting in less electrocardiographic vari-
ability over time. Furthermore, the use of serial
ECG recordings to establish ST-segment changes
over time is easier to implement in daily practice
and evaluation can be done instantly.
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Figure 2. Accuracy of incomplete STR to predict im-
paired TIMI flow. ROC curve showing diagnostic accuracy
of incomplete STR to predict a preprocedural TIMI flow
of less than 3.

Limitations

Our data are essentially hypothesis generating.
We did not randomize between immediate coro-
nary angiography and a more conservative strategy
in patients with complete STR prior to the proce-
dure. A definite answer to the question whether im-
mediate coronary angiography and subsequent PCI
results in better outcome requires a prospective
randomized controlled trial. Furthermore, ECG
recordings were retrospectively collected. In our

Table 4. Test Properties of Pre-PCI STR (at a 30%
and 70% Cutoff) as a Marker of Impaired Flow (TIMI

0–2) Prior to PCI

STR < 70% STR < 30%

Sensitivity (%) 96 (1048/1093) 78 (853/1093)
Specificity (%) 23 (36/160) 52 (83/160)
PPV (%) 89 (1048/1172) 92 (853/930)
NPV (%) 44 (36/81) 26 (83/323)
PLR 1.25 1.63
NLR 0.17 0.42

NLR = negative likelihood ratio; NPV = negative predictive
value; PCI = percutaneous coronary intervention; PLR =
positive likelihood ratio; PPV = positive predictive value;
STR = ST-segment deviation resolution; TIMI = Thrombolysis
in Myocardial Infarction.

Table 5. Association between Residual ST-Segment
Elevation Prior to Primary PCI and Impaired

Preprocedural Flow (TIMI 0–2)

TIMI 0–2 P∗

Residual ST-Segment Elevation† on Pre-PCI
ECG—All Patients

Present (n = 1147) 90% (1033/1147) }
<0.001Absent (n = 106) 57% (60/106)

Residual ST-Segment Elevation† on Pre-PCI
ECG—Patients with STR ≥70%

Present (n = 30) 57% (17/30) }
0.88Absent (n = 51) 55% (28/51)

∗Comparison by means of Cochran–Armitage test. Values are
percentages (fractions) unless otherwise indicated.
†Residual ST-segment elevation according to ECG criteria in
Thygesen et al.16

PCI = percutaneous coronary intervention; STR = ST-
segment resolution; TIMI = Thrombolysis in Myocardial
Infarction.

view, it is unlikely that the selection of patients in
the retrospective study design has influenced the
relation between STR and TIMI flow. Compared
to the current study, higher rates of preprocedu-
ral TIMI-3 flow in other studies may be explained
by longer total ischemic times or the prehospital
administration of triple antiplatelet therapy.10,33

The extent of collateral circulation could have af-
fected the association between preprocedural STR
and TIMI flow in this study. Unfortunately, in-
formation regarding presence of collateral vessels
during coronary angiography was not routinely
collected. Also, the time interval of 10 minutes
between the preprocedural ECG and emergency
coronary angiography could have weakened the as-
sociation between STR and pre-PCI TIMI flow in
this study. Furthermore, ST-segment elevation and
subsequent resolution may be difficult to assess in
conditions that influence the ST-segment, such as
pericardial effusion or chronic pulmonary disease.
However, these conditions are not very common in
the early setting of primary PCI.

Regarding the association between preprocedu-
ral TIMI flow and 1-year mortality, we would
like to emphasize that the current dataset is
underpowered and that mortality data are pre-
sented for descriptive purposes only. It goes
without saying that a larger cohort is needed to
investigate the possible association between pre-
procedural TIMI flow and long-term survival in



114 � A.N.E. � April 2010 � Vol. 15, No. 2 � Verouden, et al. � ST-Segment Resolution before Primary PCI

Figure 3. Association between preprocedural TIMI flow
and 1-year survival. Cumulative mortality curves as a
function of preprocedural TIMI flow are depicted for
the entire study cohort (Panel A), for a high-risk patient
group (anterior STEMI and/or age ≥ 75 years, Panel B),
and for a low-risk patient group (nonanterior STEMI and
age < 75 years, Panel C). Impaired flow prior to primary
PCI seems particularly predictive in high-risk STEMI pa-
tients (Panel B, P = 0.04). PCI = percutaneous coronary
intervention; STEMI = ST-segment elevation myocardial
infarction; TIMI = Thrombolysis in Myocardial Infarction.

primary PCI patients presenting early after symp-
tom onset.

Conclusion and Clinical Implication

This study establishes the correlation between
STR prior to primary PCI and preprocedural TIMI
flow in STEMI patients treated with primary PCI.

However, STR is a poor indicator of spontaneous
reperfusion and should likely not be used as a cri-
terion to refrain from immediate coronary angiog-
raphy in STEMI patients.
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