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Combination antiretroviral therapy in pregnant women with human immunodeficiency virus has dramatically
decreased maternal-to-child transmission. Highly treatment-experienced pregnant patients have limited
effective treatment options due to past toxicities and viral resistance. We present 8 pregnancies in 7 perinatally
infected women successfully treated with salvage regimens containing darunavir, etravirine, raltegravir, or
enfuvirtide.
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Antiretroviral (ARV) treatment during pregnancy is rou-
tinely used to control maternal human immunodeficiency
virus (HIV) disease as well as to prevent maternal-to-child
transmission (MTCT). Epidemiologic and clinical trials
have shown that women who receive effective ARVs that
reduce HIV RNA to <1000 copies/mL or to undetectable
levels have very low rates of MTCT [1, 2]. Current guide-
lines recommend use of antepartum combination ARVs to
all pregnant women with HIV regardless of viral load
(VL) or CD4 count. Standard regimens are similar regard-
less of pregnancy status and typically include 2 nucleoside
reverse transcriptase inhibitors (NRTIs) with either a non-
nucleoside reverse transcriptase inhibitor (NNRTI) or 1 or
more protease inhibitors (PIs). Because of extensive experi-
ence with lamivudine and zidovudine (ZDV) in pregnancy,
this combination remains the currently recommended
NRTI backbone in pregnancy. Nevirapine is the preferred
NNRTI for pregnant women, and Lopinavir/ritonavir or
atazanavir are the preferred PIs [3].
According to the most recent New York State HIV/

AIDS Surveillance Annual Report, as of December
2010, there were more than 5500 reported and confirmed
cases of children and adolescents with HIV/acquired im-
munodeficiency syndrome (AIDS) age �24 years living in
New York [4]. With widespread availability of combination

ARV therapy (cART), these patients are living longer and
many are approaching or are already of reproductive age.
As a group, they have unique treatment issues, particularly
in the face of pregnancy. Those perinatally infected are
often treatment-experienced and harbor multidrug-
resistant (MDR) virus. Standard regimens may provide
inadequate virologic control (VL <1000 copies/mL), thus
practitioners must consider “salvage” combinations in
these challenging cases. With the ongoing development
of novel ARVs, new options are available, including
ritonavir-boosted darunavir (PI), etravirine (NNRTI),
raltegravir (integrase inhibitor), and enfuvirtide (fusion
inhibitor). Insufficient data exist to provide guidance for
obstetricians faced with prescribing these regimens during
pregnancy or for pediatricians following infants exposed
to these drugs in utero.

METHODS

We conducted a retrospective chart review of all HIV-
infected pregnant patients seen in the Mount Sinai
Obstetrics-Infectious Disease Clinic from January 2004
through January 2012 who received salvage regimens.
Patients were considered on “salvage” if given the follow-
ing ARVs during pregnancy for >7 consecutive days: daru-
navir, etravirine, raltegravir, or enfuvirtide. Salvage was
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chosen, after virologic failure with standard cART, by a
multidisciplinary team, including obstetricians and infec-
tious diseases specialists, based on resistance testing
(Table 1), safety, and tolerability. Side effects and adher-
ence were discussed at each visit. Patients were encouraged
to participate in directly observed therapy (DOT) on either
an inpatient or outpatient basis. The study was approved
by the Mount Sinai School of Medicine Institutional
Review Board.

RESULTS

Eight pregnancies in 7 HIV-infected women on salvage
were identified (Table 1). All women acquired HIV perina-
tally, representing 50% of perinatally infected women
receiving care in clinic during that time. Those with child-
hood records available (3 of 7) had documentation of at
least 1 year of ZDV monotherapy, and 2 of 7 had docu-
mented ZDV resistance. There were no cases of hepatitis B
or C coinfection. All subjects became anemic (hemoglobin,
�10.5 g/dL) by the second trimester (range, 6.0–10.0). No
patients had elevated transaminases (aspartate transami-
nase, >50 U/L; alanine transaminase, >53 U/L) or bilirubin
(total, >1.2 mg/dL; direct, >0.8 mg/dL) or required discon-
tinuation of salvage regimens due to toxicity or intoler-
ance. Viral load at delivery was <1000 copies/mL in 7 of 8
patients. Mean VL (calculated as the average of all
VLs measured during pregnancy) was decreased in 7 of 8
pregnancies, compared with the year prior, but 6 months
postpartum, was increased in all cases except 1 (Figure 1).

Median gestational age of infants was 37 weeks (range,
35–41). Two deliveries were premature at 35 weeks, 1 due
to preterm labor and the other after a nonreactive fetal
nonstress test. There were no cases of preterm premature
rupture of membranes, preeclampsia, or gestational diabe-
tes. Although only 1 patient had a VL >1000 at delivery, 7
of 8 deliveries were via C-section (C/S). One was a
primary, elective C/S for a wheelchair bound patient with
severe scoliosis and respiratory compromise. All women
received intrapartum intravenous ZDV.

Median birth weight was 2490 grams (range, 2110–
3110). Four of eight babies were small for gestational age
(SGA) [5], but weight and height growth velocity in the
first 6 months of life was equivalent to or surpassed
normal rates (700 grams/month and 2 cm/month) for all
babies except one who was premature. Appropriate neuro-
logical and motor milestones were met by all babies with
this information recorded at 2 weeks (5 of 7), 2 months
(5 of 7), 4 months (3 of 7), and 6 months (7 of 7).

One infant died within 9 hours of delivery. By autop-
sy report, underlying cause of death was prematurity,

complicated by marked hyaline membrane disease and
pneumothorax. The remaining newborns went to the well-
baby nursery. They underwent HIV polymerase chain
reaction testing at birth, 2 weeks, 1 month, and 4 months,
and they were all HIV-uninfected.

Four of seven babies (including those whose mothers
had ZDV-resistant virus) received standard 6-week
courses of ZDV for chemoprophylaxis. Babies born to
mothers unable to achieve virologic control at least
2 weeks prior to delivery received combination therapy.

DISCUSSION

We report overall encouraging results using salvage regi-
mens containing darunavir, etravirine, raltegravir, or enfu-
virtide in pregnancy. Regimens were well-tolerated with
no reported cases of maternal toxicities requiring dose in-
terruption or discontinuation. We observed a higher than
expected number of SGA infants as well as a neonatal
demise. However, given the small numbers of patients and
varying regimens used, it is difficult to infer causality.
Overall, there were no safety concerns in the infants. All
were HIV-uninfected and met basic growth and neurode-
velopmental milestones by 6 months. No congenital
anomalies were noted, but salvage regimens were initiated
after the first trimester, the period of major organogenesis.
Despite high peak VLs for some prior to salvage, all
infants tested were HIV-uninfected. Other case reports
using these ARVs in highly treatment-experienced patients
had similar findings–minimal adverse events in mothers
(most notable, liver dysfunction, spontaneously resolved)
and no major congenital anomalies in the exposed infants,
but this series is the largest to date [6, 7].

Selection of cART in this population of perinatally
infected pregnant women is challenging. Prior exposure to
multiple ARVs, MDR, complicated psychosocial issues,
and poor adherence results in complex treatment consider-
ations. Guidelines for use of ARVs in pregnancy exist [3],
but the management of treatment-experienced HIV-
infected patients during pregnancy must be addressed on a
case-by-case basis. Genotypic and phenotypic resistance
patterns should be considered as well as tolerability and
ease of administration. Of note, although not all patients
showed laboratory evidence of extensive multiclass resis-
tance, given their past ARV exposures, we suspect others
may have had mutations not found in the current medical
records. Insufficient information is available from clinical
trials to assist in the selection of salvage regimens. Studies
from the last decade have shown minimal increased risk
of preterm birth in pregnant women receiving PI-based
cART; however, given the clear benefits for both mothers’
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Table 1. Summary of Pregnancies Before and After Salvage Regimens

Patient

Age During
Pregnancy (years)
Race/Ethnicity

Reverse
Transcriptase
Mutations

Protease
Inhibitor
Mutations

Salvage
Regimen

CD4 Prior to
Salvage,
(cells/mm3

[%])

CD4 at
Delivery,
(cells/mm3

[%])

Peak VL
During
Pregnancy
(copies/mL)

VL at
Delivery
(copies/mL) Mode of Delivery

Gestational
Age (weeks)

Birth Weight
(grams)

A 18
Hispanic/
Hispanic

None M36I
L63P

TDF/FTC
ETR
DRV
RTV

129 (25) 174 (30) 27 690 <20 Spontaneous vaginal 37 2614

B 20
Hispanic/
Hispanic

None L63P
L90M
V77I
I13V

TDF/FTC
DRV
RTV
RAL

486 (30) 486 (30) 7811 57 C/S Failure to progress 41 3110

C 20
Black/Not
Hispanic

K103S
G190A

I13V
L63P

ZDV
TDF/ FTC
DRV
RTV
RAL

8 (2) 5 (2) 141 332 191 Elective C/S 39 2240 (SGA)

D 21
Black/Not
Hispanic

M41L
M184V
T215 A/D/N
Y181C

L63P
A71T
D30N
V77I
N88D
I13V

ABC
TDF
3TC
ETR
RAL

66 (8) 65 (6) 66 171 79 Emergency C/S 35 2110 (SGA)

E (1) 22
Black/Not
Hispanic

a a ABC
TDF
3TC
DRV
RTV
ENF

56 (5) 81 (4) 74 754 639 Elective C/S 35b 2300

E (2) 23
Black/Not
Hispanic

a a ZDV
TDF
3TC
DRV
RTV
RAL

22 (2) 32 (2) 60 192 54 178 Repeat C/S 38b 2460 (SGA)

F 24
Black/Not
Hispanic

None L10I
E35P
I13V
I62V
G16E
M36I
L63T

TDF/FTC
DRV
RTV
RAL

198 (19) 198 (19) 45 224 50 Repeat C/S 37 2520 (SGA)

G 21
Black/Not
Hispanic

K70R
D67E

V77I TDF/FTC
ATV
RTV
RAL

422 (19) 444 (28) 9992 521 Primary elective C/S 37 c 2830

Abbreviations: ABC, abacavir; 3TC, lamivudine; ATV, atazanavir; C/S, C-section; DRV, darunavir; ENF, enfuvirtide; ETR, etravirine; FTC, emtricitabine; RAL, raltegravir; RTV, ritonavir; SGA, small for
gestational age; TDF, tenofovir; VL, viral load.
aInformation unavailable.
bNeonate received ZDV, 3TC, LPV/RTV.
cNeonate received ZDV, NVP.
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health and prevention of MTCT, PIs are not contraindicat-
ed in pregnancy [3]. Reported experience with integrase
and fusion inhibitors in pregnancy has been limited.

Placental passage of drug may aid in the prevention of
MTCT, but it may also contribute to fetal toxicity. It has
been demonstrated for darunavir [8], etravirine [9], and
raltegravir [10], but there is debate regarding placental
transfer of enfuvirtide.

Results from the Antiretroviral Pregnancy Registry,
which collects and evaluates data on the outcomes of preg-
nancy exposures to ARVs, do not show increased risk of
overall birth defects compared with population-based
surveillance systems or when comparing rates after first-
trimester ARV exposure to those with exposure later in
pregnancy, but, as a voluntary reporting system, these
results may be subject to reporting bias [11]. The
SMARTT arm of the Pediatric HIV/AIDS Cohort Study
(PHACS) is currently ongoing and aims to estimate the in-
cidence of conditions and diagnoses potentially related to
in utero exposure to ARVs or exposure in the first 2
months of life among children born of HIV-infected
mothers. Another recent study of over 1500 HIV-exposed
infants and uninfected infants exposed to ARVs and to
trimethoprimin-sulfamethoxazole in utero and in early
infancy demonstrated that serious adverse events related
to hemoglobin, absolute neutrophil count, total lympho-
cyte count, and glucose were experienced by fewer than
10% of infants in the first 6 months of life [12]. Although
these results are encouraging, it is clear that further phar-
macokinetic, efficacy, and safety data are needed for these
medications in pregnancy as well as for exposed infants.

Although this is a small series, it is the largest published
to date using these salvage medications in perinatally in-
fected pregnant women who are highly treatment-experi-
enced with limited treatment options. Through successful
use of salvage and a multidisciplinary team approach,
including DOT, we were able to achieve virologic control

in 7 of 8 pregnancies and though there was a single infant
death, the remaining babies were all HIV-uninfected
without congenital anomalies. Although mean VLs were
decreased in 7 of 8 pregnancies, compared with the year
prior, a full log decrease was only achieved in 1 pregnancy.
Six months postpartum, VLs were detectable in all but 1
case due to maternal nonadherence with cART after deliv-
ery, highlighting the long-term challenges of caring for
this population.
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