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Influence of Preoperative ?uiﬁonary Artery Pressure on Mortality
After Heart Transplantation: Testing of Potential Reversibility of
Pulmonary Hyperiension With Nitroprusside Is Useful in Defining a

High Risk Group

ANGELIKA COSTARD-JACKLE. MD, MICHAEL B. FOWLER, MB, MRCP, FACC

Stanford, Califernia

Patients with pulmonary hypertension are at risk of developing
fata) right heart failure after heart transplantation. Lo evaluate
this risk potentia!, candidutes for heart transplantation are
sereened Dy measuring rest right heart pressures and the response
to nitroprusside, To test the validity of this approach, sk infiu-

pressure 285 mm Hg had a 3-month mortaliny vate of only 1.8%,
10 voutrast, patients whose pulmonary vascu)ur resistance could
ot be redeced to <2.5 units, and these whose resistarce could be
reduted lu 2.5 wnits bt only at the expense of systemic

ence of pretransplantation right keart cathelerizetion data on
outcome after {ransplantation was analyzed in 297 of 301 consee-
ufive patients.

Patienls with a palmanary vascalar resistance >2.5 Wood
units measured at baseline study &ad a 3-month mortality rate of
17.9% compared with 6.9% i patients with resistance <2.,5 units
(p < 0.02). Fatients with a pulinonary vascular resistance >2.§
usits at baseline study could be differentiated further according fo
thelr kemodynamic response to nitroprusside; those whose resis-
temce could be reduced to =2.5 units with a stable systemic systolic

(systolic pressure <85 mm Hg) had a 3-month
morwlity rate of 46.6% and 27.3%, respertively. Furthermore,
a1l 10 patients wha died of right heart failure belonged to ihe latter
twe groups.

These findings confirm the value of right heart hemodynamic
measurements and the response to nitroprusside in predicting
early mortality aRer heart transplantation and, in parficular,
rartality die to right heart failure. Valid risk stratification based
on the i ynamic response to nitroprusside requires consid
ation of the concomitant change in systemic pressure.

{J Am Coll Cardiol 1992.19 48-54)

Most patients with advanced heart failure under consider-
ation for hear transplantation have at least moderately
elevated pulmonary artery pressure. Severe pul y hy-

hyperiension by administration of 100% oxyren, nitroglyc-
erin or nitraprusside is frequently performed in evaluating

candidates for heart ation {6,13-15). However, no

pertension is idered a contraind to ortholopi

systemutic study has been performed of whether these

transplantation because of the risk of acute right ventricular
failure when the right ventricie of the grafted heart is unabic
to adap! to significant pulmonary hypertensicn in the imme-
diate postoperative period {1-3). Recently, several studies
(4-6) have confirmed that elevated pulmonary vascular
resistance is an independent risk factor for mortality hoth
early and late after transplantation.

However, some patients with moderate 10 severe pulmo-
pary hypertension have successfully undergone transplanta-
tion. In these patn.nts serial hemodynamic measurements
after transpl ied 2 progi decreass in
pulmonary artery pressure, illustrating the notential revers-

maneuvers aid in assessing the risk of acute graft right heart
failure and the attendant early mortality after transplanta-
tion.

Al Stanford. candidates for heart plantation und
right heart catheterization and, for those with ele\aled
pulmanary vascular resistance or svstalic pulmonary rres-
sure, o7 both. an attlempl is made to evaluate the reversibility
of pulmonary hyperiension with a graded nitroprusside
infusion. The data chtained have been reviewed and tetro-
specmely analyzed in 393 of 301 consecutive transplant

1o eval the relation b 1 right heast hemo-
dynam:cs respanse 1o nitroprusside and outcome after heart

ibility of pulmonary hypertensivn (7-12% Hemod

transpl

measuremem of the potential reversibility of pulmonary
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Methods

Study pnllenrs. Belween December 1930 lwhen cytlm-
porine was duced to the i
and July 1988, 301 New York Heart Assaciation funmnnal
class IV patients underwent heart transplantation at Stan-
ford University Medical Center. The patients (231 men and
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70 women) ranged in age from 9 months to 60 years (mean 3Y
* 4 years). The primary diagnosis was cardiomyopathy in
!54 patients, end-stage left ventricular failure from coronary
artery diseass in 112, congenital heart disease in 13, post-
panum cardiomyopathy in G. valvular hicart disease n 3.
adriamycin-imduced cardiomyopathy in 1, rastnictive hean
disease in 3, sarcoidosis in 2, acute myocardilis in 3 and
amyloidosis in 1.

Right heart catheterizativn, Two hundred ninety-three of
the 30! patients underwent right heart catheienzation in the
catheterization labaratory at Staniord Unjverssty Hospital:
under fluoroscopic guidance, a 7F ballaon flotation pulmo-
nary artery catheter was advanced 1 the pulmonary occlu-
sive position (usually by way of the jugular vein). A cannuly
inseried inlo a brachial or radial artery was used for systemic
oressure recordings and for repeated arterial blood sampiing.
Micron transducers were used e record on a Hewlell
Packard recorder these pressures (in mm Hg: mean right
atrial: pulmonary artery systolic, diastolic znd mean (PAP
mean); pulmonary capiflary wedge (PCWP); and systemic
arterial systolic. diastolic and mean pressures. Cardiac out-
put {CO) was measured by the Fick method znd normaiized
for body surface area (cardiac index. C).

Pulmonary vascular resistance (PVR. Wood units) is
calculaied as

(PAP mean - PCWP)
co ’

PVR -

Puimonary vascutur resistance index (PVRI, units x m% (s
calculated as

(PAP mean — PCWD)
[a} ’

PYR] =

Transpulmonary gradient (TPG. mm Hg) is calculated as
TPG = PAPmean - PCWP,

Patients with pulmonary vascular resistance 2.5 units or
systolic pulmonary artery pressure >4 mm Hg, or both.
received a graded mitropiusside infission 1o evaluate revers-
ibility of pulmonary hypertension.

Nitroprusside infusion. An intravenous nitroprusside in-
fusinn was started at a dose of 25 ta 50 ug/min. The dose was
increased rapidly and hemodynamic measurements were
obtained during the 5th min afier every dose increase. until
there was a cllmcally significant reduction in mean arterial
pressure or a red of p y vascular resis 10
=2.5 units and a redumon of systolic pulmonary artery
pressure to =40 mm Hg. For repeated determinations of
cardiac ouiput, enly arterial and mixed venous blood sam-
ples werg collectad serially: oxygen consumption was rou-
tinely calculated from resuits of an expired gas collection at
baseline study.

Evaluation of catheterization data and correladan with
clinical course. Cathelerization data obtained before trans-
plantation, inciuding hemodynamiz response to nitroprus-
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Flgum L. Cause of death in the Lst 3 months alter heart \ramplan
wtion in 31 cnnsecume pahenls CVA = celebrcvascular acm
deat: PE = PHT = pui
RHF = rlf'hl Teart fallun.

y Byp

side infusion, were reviewed and comelated wiih the pa-
tient's ¢linical course after transplantation. Analysis
included incidence of early postoperative mortality (defined
as death =90 days after wransplantationj and presence or
absenee of significant right heart fulure. Postoperative right
heart faiiure was defined as significant when pulmonary
vasodilators were required in conjunction with clinical evi-
dence of right ventricular dysfunction and failure. A cause of
death was assigned to each patieat who died afier transplan-
taton. Whenever possible. the assigned cause of death was
ased om autapsy findings; when these were not available, it
was based on all available clinical and laboratory data.

Kesults

Survival rales and causes of death (Fig. 1). Of the 301
putients. 39 died within 90 days, 7 died within 3 to 6 months
and 12 died within 6 to 12 months after heart transplantation,
corresponding 10 a strvival rate of 86.755, 84.4% and 80.4%
at 3. 6 and 12 months, respectively. afier transplaniation,
The most common cause of early (<%0 days) postoperative
death was infection, accounting for 43.6% of deaths, vol-
fowed by acute rejection (15.4% of deaths). Twenty-six
percent of the deaths were due to pulmonary hypertension or
right heart failure, corresponding to an overall mortality rate
due to pulmonary hypertension or right heart failure of 3.3%
(10 of 361 patients).

Clinical right hieart failure. In addition 1o the gaticnis
who died of irreversible right heart failure or pulmonary
hypertension. 19 patients had a postoperative course com-
plicated by clinical signs of righi heart failure, necessitating
prolonged inotropic aed vasodifator support givea intrave-
nously. Four of these patients were successfofly treated with
prostaglandin E,; another four died <90 days afier trans-
plantation becanse of infection.
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Table: 1. Bascline Hemodynamic Variables in 288 Patients

Mean Rurge
CI (liters/min per m*1 1z08 [T
SAP,,, (mm Hg) 97z 13 6510 133
$ATmeun (M Het 7%= 10 5510 (10
RA .. Imm He) HIER [RCRI
RVEDP (mm $gr 17 01043
FAP,,, (mm Hg) 920 14 10 68
PAPean (0m He! 29 9w 38
EVR {Wood umts) 3+ 0210134
EVR! {Wood uaits x m*} 57218 Oto W%
TPG tmm Hg) w0ee 1037

Cl = candiac index; PAP, ... = mean pulnonary artery pressure.
PAF,.., = <ystalic pulmonary arterv pressure: PR = pulionary vascular
resislance; PVRI = pulmonary vascular resistance index: A, = mcan
right alnial pressure: RVEDP = righi ventricular end-diastolic pressure:
SAPeqn ™ AN SYSICNHE ariery pressure; SAP,, | = syslDlic systemic artery
pressure; TPG = 1anspulmorusy gradient,

Preoperative right heart hemodynamics at baseline siudy
{Tahle 1). Right heart cathelenization was performed in 293
patients. Five of these patients (including one who died early
after transplantation because of right heart failurel were
dependent on intravenous inotropic support at the tme of
preoperative evaluation. so that ne true baseline dita for
nitroprusside were available. The basclinc hemodynamic
data in the remaining 288 patients are summarized in Table 1.
Cardiac index ranged from 0.4 to 5 liters/min per m® (mean
2x03)

Pulmonary vascular resistance {Table 2). The pulmonary
vascular resistance, catculated in Wood units, ranged from
0.2to 13.4 (mean 3.2 + 2.1). Figure ? shows the distribution
of baseline values for pulmonary vascular resistance in
relation (o 3-month mortatity. Table 2 summarizes the out-
come for lransplant patients according to different threshold
vahies. A total of 143 (50.4%} of 28% patients had a bascline
pulmonary vascular resistance value >2.5 units. Of these
patients, 26 (17.97%) died <90 days after transplantation,
compared with 10 (6.9%) who died early postoperatively
among 143 patients with a baseline pulmonary vascular
resistance =2.5 units {p < 0.02). All 9 patients who died
early after transplantation of pulmonary hypertension or
right heart failure, as well as all 10 patients who developed
right heart faiiure postoperatively but survived, had a base-
line pulmonary vascular resistance >2.5 umits, A& higher
pulmonary vascular resistance threshold (5 vs. >3 resis-
tance units and =8 vs, =8 units) revealed a higher percent of
early postoperative deaths in the groups with higher values
(11 deaths {22.9%] in 48 patients with a resistance level >3
upits and 2 deaths {22.2%; in 9 patients with a resistance
leve] >8 units). However, among the nine patients wha died
of right heart failure. six nad a pulmonary vascular resis-
tance <5 units and all ning had a Jevel <8 units, dernonstrat-
ing Joss of sensitivity if the pulmenary vascular resistance
threshold was set higher than 2.5 units.

Pulmonary vascular rsistance index. This index ranged
from 0 to 28.8 resistance \ndex units (mean 5.7 * 1.8).

SACT Vol. 4, No. |
January 1992:4n %4

Table 2, Pulmonary Vaicular Resistance, Systolic Pulmonary
Artery Pressure amd Transpulmonary Gradiem Acconling to
Different Threshold Values

Da,-m
e 10 Survived
No.of  Deaths Within 9 Diuys KHF’PHT RHF1
Ps.  No. % pYae ino.} (wo.)
PVR = 43 L1l 69 <002 a [d
PYR 148 2 79 9 10
PYR ¢ P ® 04 NS ¢ 3
PVR =5 48 n na 3 2
PVR <8 281 kL3 121 NS Y 7
PV - 9 ? on2 1] 3
PAP, =it [y 7104 NS n 1
PALL 240 s 9 129 9 9
PAP,, ., <50 157 13 81 <00 1 3
PAR,, 250 135 27 8 7
PAF.,, <60 #5294 <0001 ¢ 5
PAP,,, >60 T4 ne 3 s
TPG =10 163 17 54 NS 4 1
TPG =10 ur [ Y 5 )
TPG =15 20 W oHI <002 s s
TPG >18 a5 L) 4 4
PVRI =¢ 3] 13 &6 <hOs 1 0
PVRI 25 130 n 17.7 7 9
PVRI <8 15 B s NS 7 3
PVRI >§ 56 {4 179 2 6

p values compare dzaths in patients whose hemodynamic variables were
2t or below the threshald value with thase whose variables were kigher than
ihis valug, PHT = pulmonary hypertension: Pts. = patients: RHF = right
heart failure. Other abbreviations and umits as in Tablz 3.

Among 130 paticnts with a pulmonary vascular resistance
index >3 index unirs, 23 died =%) days after lransplantation.
The mortality rate of 17.7% is significantly higher (p < .05)
than that of the 8.65% (13 deaths) in the |51 patients with a
pulmanary vascular resistance index =5 index umils. Two of
the nine gatients who died <90 days afier 1ransptantation as
2 result of pulmonary hyperiension or right heart failure had
apulmonary vascular resistance index <3 index units and all
ning patients with clinical right heart faiiure belonged to the
group with a resisiance index =5 index units. Data for
patients wilh an index <8 versus >8 index unils were also
examined. The mortality rate in the group with the higher
index (10 deaths among 56 patients, §7.9%) was sitmilar 1o
tha; obtained in the group with the highcr index as defined by
a pulmonary vascular resistance index of >3 or =3 index
units. However. the upper threshold of 8 resistance units
failed to include seven of nine paticats who died of pulmo-
nary hypertension or right heart failure and three of nine
patients with posteperative right heart failure, all of whom
had a pulmonary vascular resistaace index =8 units.
Systolic pulmorary artery pressure ranged irom 14 to
88 mm Hg (mean 49 + 13). Of 293 paients, 135 (46%) had a
systalic pulmonary artery pressure >5¢ mm Hgp. Of these
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Figure 2. Influence of buseline pulimonary vascuiar resistance
(PYR) velues on 3month morality after heart transplantation,
Hatehed bars = patients who died within 3 months after transplan-
tatien; sottd bers = patients who survived >3 months.

patients. 3 died <90 days after transplantation. which is a
significantly higher morality rate {17%! than that i the
group with a systolic pulmonary artery pressure =50 mm Hg
8.3%, p < (.05). Among the 9 patients who dicd of pulsio-
pary hypertension or right heart failere. | paticnl had a
systolic pulmonary artery pressure =50 mm Hg, as did 3 of
10 patients with postoperative right heart failure. A higher
threshold of 60 mm Hg revealed a higher early posioperative
mortality rate in patients with un elevaled pressure (24.65%):
however, 6 of 9 patients who died of pulmonary hyperten-
sfon or right heart failure and § of |0 patients with fostop-
erative right heart failure had a systolic pulmonary artery
pressure =60 mm Hg.

The transpulmonary gradien: ranged from 610 37 mm Hg
(mean 10 = 6). A threshold of 15 mm Hg separates the
groups at low and high risk for early postoperative mortality
(transpulraonary gradient <15 mm Hg: 3-mamh mortality
rate 11.3% vs. transpulmonary gradicnt >15 mm Hg.
J-month mortality rate 20%; p < 0.02). However. measure-
menl of the transpulmonary gradient did not differentiate
between patients at risk of death from pulmanary hyperten-
sion or right heart failure early after transplantation: there

c
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were five carly postoperative deaths from these causes in
paticnts with 4 transpulmonary gradient =15 compared with
four deaths in patients with a transpulmonary gradient
=15 mm Hg,

Hemoslynamic respimse to nitroprusside (Table 3). A total
of 130 patients received nitroprusside infusions 135 had a
pulmonary vascular resistance >2.5 units and systolic pul-
monary artery pressure >40 mm Hg, 10 had systolic puimo-
nary anery pressure >40 mm Hg and a pulmonary vascular
resistance =2.5 and § patients were dependent on a low dose
of nitroprusside given intravenously at preoperative cathe-
terization and therefore no baseline data were available,
Patients were divided into three groups according to their
hemodynamic response to nitroprusside (Table 3). Group A
coasisted of 32 patients whase puimonary vascular resis-
tance could not be decreased t <2.5 units; Group B
consisted of 40 pulients whose pulmonary vascular resis-
tance could be lowered to =2,5, but only at ihe expense of
severe systemic hypotension (systolic arterial pressure
=85 mm He) and Grosp C consisted of 78 patients whose
pulmonary vaseular resistance could be lowered 10 =<21.5
without concom:itant severe systemic hypotension. main-
taining a systalic arterial pressure 35 mm Hg, Among the
78 Group C patients who showed reactivity of pulmonary
hypertension, only 3 (3.8%) died = %0 days after transplan-
tatian. In contrast, 11 patiems (27.5%) in Group B and 13
pztients (40.59%) in Group A died. Moreover, all patients
whao dicd of right heart faflure or pulmonary hyperiension
belonged 1o Group A (3 of 32) or Growp B (7 of 40). In
addition. ull satients who developed but survived postoper-
ative right heart faiiure were in Group A{n = BJlorBin = 2).

Ifhemodvnamic data at baseline study and the da after
nitroprussize infusion are swmmarized, the combined data
can be used to define rwo groups (Fig. 3): patients at high and
patiefits at considerably lower risk of death early after
transplantatinn. Patients at high risk included those whose
pulmonary vascular resistance could not be decreased to
<2.5 units with gitroprusside {Group A) and those in whom
such a decrease was achieved only ai the expense of severe
systemic hypotension (Group B), Fatients at lower risk were
thase who -howed a significant redustion in pulmorary
vascular resislance bul maintained slable systemic pressure
after nitroprusside infusiom (Group C) and those whose
baseline pulmanary vascular resistance was <2.5 units and

Table 3. Cumutative Data From Beseline Hy ynamic Data and the Resp to Nitrop d
Deaths
. . Deaths Within 1z tn
Baseline Respanse to Nitroprusside No. of 90 Days PHEPHT Survived

Group PVK PVR SAP,,. Pis. (n0.:%) n0..56) RHE* no.}
A >15 »3 - R 13:40.6 394 8
] 1.5 =15 =85 4 1%:27.5 1175 2
[ >21.5 A =83 78 0 [
D <13 — — 140 :6.9 & L

¥Early pustoperative cousse complicated by clinical right heun failure. Abbreviations and units as in Tables | ard 2.
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"High Risk'-
Groups

“Low Risk"-
Groups

High Risk  Low Risk

Figure 3. Three-month mortality after transplantation; differentia-
tien of low and high risk groups acenrding to preaperative pulmo-
nery hypertension. Group A = paticnis whnse pilmonary vascular
resistance could not be decreased 10 <25 Wood units tn = 31
Group B = patients whose pulmonary vascular resistance could be
rediced to =2.5 Wood units at the expense of severs systemic
hypotension (n = 40); Group C = patiemts whose pulmonary
vassulr yesistance could (n = T8) be lowsred to =2.5 unils withuut
severe systemic hypotension: Group D - patients whose pulmoniary
vascular resislance was <2.5 units at baseling. Other abbreviations
as in Figure 1. Hatched bars = dealbs duc to right heart failure and
pulmanary hypenension; solld bars = deaths due to other causgs,
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did nof receive nitroprusside (Group D). The high risk group
had a five to six times higher early posioperative mortality
rate {33.3 vs. 6%: p < 0.0001). Foriy-1.vo percent of deaths
in the high risk grobp (10 of 24) w2re due¢ to pulmonary
hyperiension or right hear faiture resulting in an monality
rate due to right heard faiture or pulmonary hypertension of
13.9% in this group. Moreover, an additional 15% of these
high risk patients developed, but survived, postoperative
right heas failure,

Tuble 4 compares clinical datg and hemodynamic varig-
les in these o groups of patients. There were no statisti-
cally significant differences between the high and low risk
groups in recipient or donor age and gender, ischemic time,
waiting time for transplantation, donor-recipien! U-2ight mis-
match and diagnosis. A statistically significant &:zner per-
cvenl of patients at high versus fow risk wzre dependent on
inlravenous inatropic support before transplaitation. re-
flecling the overall poorer preoperative condition of patients
in the high risk group. Patients in the high risk group had
statistically significam higher values for systolic 2nd mean
pulmonary arlery préssure, pulmonary vasculas resistance
and index. iranspulmonary gradiemt and systemic arterial
sysiolic pressure. However. there was significant overlap in
values between the high and low risk groups. Therefore,
differentiation between patients at bigh and low risk based
on fhe hemodynamic responsc o nitroprusside intusion
cannot be predicled from baseline hemedynamics alone.
Some patients in the low risk group had a basaline pulmo-
nary vascular resistance as high as 13.4 units that could be
fowered 10 2.5 units while stable systemic pressuie was

Table 4. Demographic and Hemodynamic Daia of Patients in the Hlgh and Low Risk Groups

High Risk (n = 72)

Low Risk tn = 218)

Mean Range Mean Range p Value
Demegraphic dats
Recipient age tyearst LN Y060 9= 2160
Waiting time {daysh 43+ 56 [RCrS D=3 010291
Ischemic time imin) 127 % 50 B0 140 = 54 10322
Donor age {years) B8 JioH pe-¥ 1 21048
Weight mismatch (kgh =6t g2 -3l -2z “Mtli
Recipient gender {M'F) (%) e 7921
Donor gender (M) IS5 8119 RUIR
Precondition™ (57D 8311 U <N.0o§
iaghosiss 35194 IS HSE
Hemodynamic dala
Cardiac index (liters/min per m) [ RIGRE] 2203 067195
SAP,,., nm Hy) 710 130 T €510 135 <0002
SAPrcp 'mm Hg! 55w 110 %z 10 55wl
PAP,,, tmm He? 361082 47=13 161088 <0001
PAP,...., (mm Hp) tosh H=3 91038 <0001
PVR {uits) 280 1td 2T LT 01w 134 <0.001
PVRI (upits x m 1.5to 19.5 4938 QLR <0501
TPG 1mm Hg) w37 9= 01025 <0001

*No supporvintravenous supperfiniragortic bullovn pump ar left ventrizular assis) device. ¥Coronary artery
discaseiidiopathic dilative cardiomyopathy/congenital heart diseaselother. For differentiation hetween high and tow

risk groups. see Figute 3. Abbreviations as in Tuble 1.
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maintained, whereas some patients had a baseling pulmo-
nasy vascuiar resistance as low as 2.7 units that could not be
desreased without systemic pressurc compromise.

Discussion

Elevated p y vascular r and posttranspl
tation mortallty. Resistani pulmonary hyperteusion has fong
ligen ileatitied as & major cause of carly mortality (1-3),
altnaugh this concept has onty recently been systematicatly
cvaluated. Kirklin ev al. (51 anuyzed the outcome in 63
paliems whe underwent heart transplantation -+ * found an
ele aaled pulmonary vasewlar resistance (0 be the most
important risk faclor for koth carly and tae montality. Our
data confirm the importance of assesving haseling hemody-
namics; patients with a baseline puimonary vascular resis-
iance >2.5 units have an approximately twefold greater risk
of dying =90 days postoperatively. compared with pativnts
with a pulmonary vascular resistance 2.5 units at haseline
study. Furthermore, all patients who died of meimanary
hypertension or right hez . fuilure early ufter transplanta-
tion, as well as all sur...ing patients whose caily posieper-
alive course was complicatzd by right heant failure, had a

y vascular resi >2.5 units. Howcver, an
elevaieu basetine pulmosary vascular resistance Goes nui
preclude a successful onlcome after transplantation. OF 145
patients with pulmonary vascular resistanee >2.§ units. 19
survwed the ¢arly postoperative perivd. The accumcy of
L I y vascular resi in iating
between low and high risk patients could not be mproved by
changing the criticid resistance threshold. Thresholds >2.§
units reveaied 2 higher percent of paticnls with an elevated
pulmonary vascular resistance who died early afier opera-
tion (that is. the higher thresholds yielded greater specificity
in delecting patients at risk of premature dsath) but sensi-
tivity was reduced. Several patients who died early after
transplantation of right heart failure or pulmona: ; hyperien-
sion of developed clinical right heart failure postoperatively
had a bascline pulmonary vascular resistance below a
threshold of 3 or 8 units.

Elevaied pul y vascular r versus pul y
Ivpertension. 12 was recenily suggested that use of 2 puimo-
nary vascular resistance index, which corrects for individual
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and ail 10 patients who developed elinical right heart failure
nastopLratively, wherens nse of a pulmenary vascular resis-
tance index (thresnold 5 units), the transpulmonary gradiem
(threshold 15 mm Hp) or the systolic pulmonary artery
pressur: ithreshold 50 mm He) did not identify some patfznts
who had values below the threshald but who dicd of or
developed right heart failure early pusoperatively, Thus,
vur data indicute that pulmonzary vascular resistance with a
threshold of 2.5 urits identifies patients at bigh risk of early
postuperative death with an accuracy similar to thar of the
alterrative baselinz measures of pulmonary hyperiension,
hut is superior in specifically identifying those at risk of
death from right hean failure postoperatively and therefore
should be used preferentially for this

Role of hemodynamic response 1o nitroprusside in estimat-
ing risk of transplantation. The potential of nitroprusside 1o
reduce pulmonary hypertension has long been known (16—
18). As carly as 1971 it was suggested (1) that the hemody-
namic response 1o nitroprusside could be used to differen-
tiste hetween fixed and reversible pulmonary hypertension,
selecting patients with pulmonary hypertension for trans-
plantation. and since then, vasodilator studies (3.13) have
heen recommended as a potentially useful tool in sclecting
candidates for wransplantation. Qur analysis confirmed the
utilty of (i hemodynamic response to nitroprusside in
estimaling the risk of transplantation in patienis with ele-
vated bascline patmonary vascular resistance. We found that
the hemodynamic response 10 pitroprusside ideaified pa-
tients at high risk of [} dying early after transplantation
(3-momth mortality rate. 33.3%); 23 dying early after opera-
tion of right heant faflure (13.9%); and 3) developing right
heart failure after operation (15%). Patients at risk include
1hose whose pulmonary vascelar resistance eould not be
reduced 106 <2.5 units and also those whose pulmonary
vasculur resistance could be reduced to <1.5 units oniy ai
Lhe expense of severe systemic hypotension (systolic pres-
sere <8BS mm He). These findings highlight the importance of
considering the concomitant change in systemic pressure
when inlerpreting the hemodynartic response 10 nitroprus-
side.

Conversely. the hemodynamic résponse to milraprusside
could also be useful in idenifving 4 fow risk group. Patients
whose pul y vascular resi was reduced with

variafions in size, as 4 measure of pulmonary hypertension
or use of the transpulmonary gradient might be superior in
identifying patients a1 risk of premature death afier trans-
slantation 10,15}, These findings could not be confirned by
our data; we did find that a pulmonary vascular resistance

nitroprusside to <2.5 urits while a slable systolic pressure
285 mm Hg was maintained had an overall catly posioper-
alive mortality rate of only 3.8%, and can therefore be
classified as having a risk of early postoperative death as low
as that of patients with normal pulmonary vascular resis-

index with a threskeld of 5 index wnits, a pulmonary
gradient with a threshold of 18 mm Hg or a systalic pulme-
nary artery pressure with a threshold of 30 mm Hg also
aliowed identification of a group of patients with significantly
increased risk of early monality, but with a specificity no
higher than that of pulmonary vascular resistance. More-
over, a pulmonary vascular resistance with a threshold of 2.§
units identified aff ¢ patients who died of right heast failure

tance at baseline study.

Some patients with a baseline pulmanary vascular resis-
lance as high as 13.4 units responded fully to nitroprussic
whereas the only mildly elevated pulmonary vascular resis-
tance in others did not change. These data demonstrate that
response to nitroprusside, and thus potential reversibility of
nilmanary hypertension, cannot be predicted from baseline
data.




54 COSTARD-JACKLE AND FOWLER
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The cause of the higher rate ameng patients with pulmo-
nary hvpertension of early postoperalive dealti caused by
factors other than right heart failure or pulmonary hyperten-
sion is not clear. Many of these patients’ general Failure to
thrive may increase ihe susceptibility to faral infoction.
Preoperative pulmonary hyperiension was recently been
repoited (12.16) 1o be a risk factor for positransplantation
pulmonary infcction. In our siudy, 4 of the 10 paticnts who
developed significant right heart failure postaperatively died
of infection =90 days afier Iransplantation.

Prophylactic treatment. Our study cid pot include any
patients who had h pic heart transplantation. The
benefit of such treatment 10 paticnls with pulmonary hyper-
tension was rceently questioned (12). and overall survival
rates reporied in the registry of the Imernational Socieiy for
Cardize Transplanlalion arc generally worse than those for
arthotopic transpfantation. Prostaglandin E, has been used
successfully to treat life-threatening postoperative pulmo-
nary hypertension in patients unrespensive to standard
therapy (19,20), and its value in reducing perioperative and
posloperalive moriality is now being studied. [f these results
aie promising, prophylactic treatment of patients at high risk
of developing right hean failure in the perioperative and
eariy postoperitive periods might be beneficial.

Conclusions, Our data confirm the utility of siteasurement
of right heart hemodyramic variables in the cvaluslion of
risk in Jidates for heart transpl: ion. Ow data do net
indicate how many patients rejected for cardiac wansplanta-
tion on the basis of more severe pulmonary hypertension
might have fared had they undergone cardiac transplaata-
tion. Bul they show that even among patients whose pulmo-
mary hypertension and responsiveness io nitroprusside were
considered accepiable for reatment with heart transplanta-
tion, there was a clear relation between preoperative hemo-
dynamic data and subsgcyuent carly morkility or mortality,
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