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ABSTRACT

Open Access

With advancements in antiretroviral therapy (ART), the average lifespan of people with human immunodeficiency
virus (HIV) is increasing, as is the number of older adults with HIV. Accordingly, the number of patients with HIV who
undergo surgery or require critical care for various reasons is increasing. Since the prognosis of people with HIV
depends on the continuous and effective maintenance of ART, there is a need to consider effectively maintaining
ART in people with HIV in these conditions. This case involved a 55-year-old patient with well-controlled HIV who
received ART and presented to the emergency room with acute abdominal pain. He was diagnosed with extensive
bowel infarction and panperitonitis and received critical care in the intensive care unit, including mechanical
ventilation and continuous renal replacement therapy. The patient was administered enteral nutrition via a
nasogastric tube. The patient subsequently underwent extensive small bowel resection and developed short bowel
syndrome. The patient maintained ART during that period. A literature review related to the use of ART under these
conditions is included in this study. This case was discussed at the [Exploring Difficult Cases in HIV Clinics] of the

Korean Society for AIDS Conference held in 2023.
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INTRODUCTION

The average lifespan of people with human
immunodeficiency virus (HIV) has increased with the
development of antiretroviral therapy (ART) [1, 21.
Therefore, although newly diagnosed HIV infections are
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occurring less frequently than in the past, the older adult
population is growing [3-5]. Accordingly, the prevalence
of various non-communicable diseases (NCDs) among
people with HIV is also rising [6-9]. Recently, HIV clinics
have emphasized the management of NCDs in patients
with HIV [10-15].
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ART during long-term surgical care

As various NCDs occur more frequently in individuals with
HIV, the number of cases requiring surgical treatment

to resolve NCDs is also increasing [16]. However, there

is a lack of robust recommendations and research

results regarding how ART should be administered to
patients with HIV before and after surgery, particularly
gastrointestinal surgery. Although these cases are not yet
common in HIV clinics, the number of cases to be faced is
expected to increase in the future.

It is well-known that uninterrupted ART administration is
essential to maintaining a good plasma concentration of
antiretrovirals (ARVs) [17-19]. ART inhibits the replication
of HIV and suppresses the development of resistance to
maintain a person's immunity [20, 21]. However, in some
cases of long-term surgical care, it may be challenging

to use the original tablet-formulating ARVs. There is a
need to report the appropriate use of ART in patients
with HIV who have undergone gastrointestinal surgery
requiring long-term surgical care. Therefore, we report on
the experience of using ART in people with HIV who need
long-term surgical care and related discussions at the
Korean Society for AIDS Conference held in 2023.

CASE PRESENTATION AND THE MINUTES
OF THE CONFERENCE

This case was discussed at the [Exploring Difficult Cases
in HIV Clinics] of the Korean Society for AIDS Conference
held in 2023. The discussion began with the presenter’s
inquiries to the audience. Then, the moderator asked

the panelists to participate in the discussion, and the
panelists responded to the questions. The audience was
also engaged in the discussions. The moderator, presenter,
and panelists participating in the discussions are shown

in Table 1. The following are the case presentation and
minutes from the conference. Questions and panel
discussions were provided during the case presentation to
help readers understand.

Table 1. Participants in the [Exploring Difficult Cases in HIV
Clinics] discussion

Moderator

Tae Hyong Kim (Soonchunhyang University College of Medicine)
Case presenter

Jung Ho Kim (Yonsei University University College of Medicine)
Panelists

Youn Jeong Kim (Catholic University College of Medicine)

Won Suk Choi (Korea University College of Medicine)

Yong Pil Chong (University of Ulsan College of Medicine)
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A 55-year-old man visited the emergency room with
abdominal pain that started on the morning of the day
of the visit. He reported that he had consumed 600 mL
of liguor with an alcohol content of 55 or higher over
approximately 2 hours (from 6 PM to 8 PM) the day
before visiting the hospital. He was alert but complained
of abdominal pain upon review of system. On physical
examination, his blood pressure was 187/86 mmHg, heart
rate 91 beats/min, respiratory rate 20 breaths/min, and
body temperature 37.8°C. Direct and rebound tenderness
were observed throughout the abdomen.

His HIV infection was first confirmed in December 2007,
and combination ART was initiated in November 2010.
Lamivudine (3TC) + zidovudine + lopinavir/ritonavir was
used as the initial treatment, and the virus was well
controlled thereafter. No history of resistance testing

for ARVs has yet been identified. He was prescribed
elvitegravir/cobicistat/tenofovir disoproxil fumarate/
emtricitabine (EVG/c/TDF/FTC) from December 2014, and
EVG/c/tenofovir alafenamide/FTC (EVG/c/TAF/FTC) was
used from August 2017. He was maintaining EVG/c/TAF/
FTC until the time of admission to the emergency room,
and the last test performed before visiting the emergency
room in September 2019 was HIV RNA <20 copies/mL
and CD4 T cell count 747/uL. Additionally, he was taking
medications for hypertension and diabetes mellitus.

An initial blood test showed that he had a white blood
cell count of 6,510/mm?3, hemoglobin concentration of 13.1
g/dL, platelet count of 340,000/mm?3, serum blood urea
nitrogen/creatinine level of 21.0/1.20 mg/dL (estimated
glomerular filtration rate 58 mL/minute 1.73 m?), and
C-reactive protein level of 51.4 mg/L. Initial chest and
abdominal radiography and abdominal computed
tomography (CT) images are shown in Figure 1.

Abdominal CT scan revealed diffuse mild wall thickening of
the small bowel loops and ascites in the perihepatic space
and both paracolic gutters. Based on these findings, the
patient was diagnosed with enteritis of the small bowel,
acute kidney injury, pre-renal type, and well-controlled HIV
infection on EVG/c/TAF/FTC. The treatment plan consisted
of fasting and hydration.

1. The patient decided to fast and take only
oral medications due to abdominal pain

accompanying enteritis. How can ART be used?

Youn Jeong Kim: Since the patient is fasting, it may be
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possible to use ART, regardless
of meals. I could try switching
to bictegravir/TAF/FTC (BIC/
TAF/FTC) or dolutegravir/
abacavir/3TC (DTG/ABC/3TC),
which can be taken irrespective
of meals.

Won Suk Choi: | agree with
Professor Youn Jeong Kim.
Additionally, because the
patient had mild acute kidney
injury but was a pre-renal
type that could recover after
hydration, and the creatinine
level was not very high, it
appears that ART can be used
without dosage adjustments to
current renal function.

Jung Ho Kim: Because BIC/
TAF/FTC was available at the
time of admission and could

: be administered regardless of
Figure 1. Initial chest and abdominal radiography and abdominal computed tomography images. meals, the patient was switched
to BIC/TAF/FTC.

On the 5™ day of admission,
the patient experienced a
large amount of hematemesis,
resulting in a decrease in
blood pressure, acute kidney
injury, and respiratory failure.
Endotracheal intubation was
performed, continuous renal
replacement therapy (CRRT)
was initiated, and a nasogastric
tube was inserted. A follow-up
abdominal CT was performed
to determine the presence of
active bleeding sites (Fig. 2).

Abdomianl CT scan shows

a large hematoma in the
stomach and duodenum but no
definite contrast extravasation.
Additionally, relatively large
free air abutting a loop of the
small bowel in the left lower
abdomen was suspected of

Figure 2. Follow-up computed tomography images of the abdomen.
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bowel perforation in the area, as well as non-enhancement
of the small and large bowel walls from the mid jejunum

to the distal ascending colon. Considering these findings,
the patient had an extensive bowel infarction from

the mid jejunum to the distal ascending colon and
pneumoperitoneum, likely from the ischemic bowel.

2. How can ART be administered considering the
status of nasogastric tube insertion due to
endotracheal intubation?

Youn Jeong Kim: Because injectable ARVs are not
available in Korea, the use of injectable drugs is not
possible even in situations where a nasogastric tube is
inserted. The original tablet formulation is also considered
difficult to use, considering the state of endotracheal
intubation and nasogastric tube insertion. | think | will
dissolve the current ART and use it in a nasogastric tube.

Won Suk Choi: As such cases may occur in the future, it
is necessary to introduce injectable ARVs in addition to
oral drugs. In this patient, even if ARVs are administered
via a nasogastric tube, it is questionable whether the drug
would be absorbed well in such a deconditioned intestine.
In cases like this patient with severe intestinal necrosis,
there are concerns about absorption; therefore, it is
necessary to introduce injectable ARVs.

Yong Pil Chong: | have experience in using crushed DTG/
ABC/3TC. This patient had severe ileus; therefore, | am
worried about whether the ARVs would be absorbed

well. There are concerns regarding its absorption as an
underdose and the development of resistance. There is
also concern that renal function may worsen. Considering
these factors, discontinuing ART may be worth
considering because ARVs have recently improved, and it
is not common for resistance to develop after stopping for
a short period of time.

Jung Ho Kim: The patient was unable to use ART for
one week due to urgent surgery for intestinal necrosis,
perforation, and panperitonitis. Subsequently, the patient
was administered BIC/TAF/FTC dissolved in water via a
nasogastric tube.

3. How should ART be administered to the patient
receiving continuous renal replacement therapy?

Youn Jeong Kim: There are limited data on the use of
ART in patients receiving CRRT. However, TAF and BIC
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have a high protein-binding rate, and BIC/TAF/FTC is
advised to be administered without dose reduction if used
during hemodialysis; therefore, the same dose of BIC/TAF/
FTC is likely to be administered during CRRT.

Yong Pil Chong: In general, using ART while receiving
CRRT is likely to last for a short period, so there is no
significant burden of overdosing on ARVs; rather, there
are concerns about insufficient concentrations of ARVs
in the body. In relation to the previous question, stopping
ART for a short period could also be considered.

Jung Ho Kim: There are no data on the administration

of ART to patients undergoing CRRT. TAF and FTC can

be partially removed during CRRT, but this is insufficient
to have a clinical impact. Therefore, the previously
administered BIC/TAF/FTC regimen was maintained at the
same dose for this patient.

As the hematemesis subsided and blood pressure
stabilized, he underwent surgical treatment for peritonitis,
intestinal ischemia, and intestinal perforation. Surgical
findings included total necrosis of the small bowel and
necrosis of the proximal ascending colon (Fig. 3).

The patient underwent segmental resection of the small
bowel from the proximal jejunum to the distal ileum
(approximately 4 m), mobilization of the ascending colon,
and an ileocecectomy. He underwent two additional
surgeries, and the last surgery created a jejuno-transverse
colostomy.

4. Which ART regimens can be considered for the
patient with extensive small bowel resection
and jejuno-transverse colostomy?

Won Suk Choi: | think there needs to be some information
on where ARVs are absorbed in the gastrointestinal

tract. Given the limited information, | believe the basic
option is to maintain the existing ART. If injectable ARVs
are possible, this may be considered a priority without
concerns regarding gastrointestinal tract absorption.

Youn Jeong Kim: Considering the absorption issues
in the gastrointestinal tract, ARVs with high resistance
barriers are likely to be selected.

Yong Pil Chong: | prefer DTG/ABC/3TC, which has a little

more data. It is important to determine which part of the
gastrointestinal tract is the main part that absorbs ARVs.
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Figure 3. Surgical specimens showing necrosis of the small bowel.

It seems acceptable to use NRTIs such as 3TC, TAF, and
ABC, as most of them are absorbed in the duodenum. In
the case of DTG/BIC/darunavir (DRV), an important factor
is how well absorption occurs in the absence of the small
intestine. In the case of DTG, which can be prescribed
without meals, the absorption rate increases significantly
by up to 50% when consumed with a meal. Therefore, it is
possible to administer DTG/ABC/3TC with a meal.

Jung Ho Kim: In this patient, the primary selection
points were ARVs with a high resistance barrier that
were absorbed outside the jejunum or ileum, if possible.
Consequently, BIC/TAF/FTC was maintained.

He gradually recovered, and ART was changed back to a
tablet formulation following tracheostomy site seal-off
and resumption of oral diet. He was discharged from the
hospital and maintained reqular parenteral nutrition and
electrolyte replacement through home nursing due to
short bowel syndrome.

DISCUSSION

This case study describes the use of ART in a patient with
HIV who underwent extensive gastrointestinal surgery
and subsequent long-term surgical care. The effective
use of ART for these patients was discussed at the 2023
Korean Society for AIDS Conference. As the number

of patients with HIV undergoing surgery, especially

icjournal.org

gastrointestinal surgery, is expected to increase in the
future, we have summarized how ART is administered
in such cases. It was structured to review several
major topics in accordance with the flow of the case
presentations and the minutes of the conference.

1. How to use antiretroviral therapy when fasting
is expected due to surgery, enteritis, or
pancreatitis?

The discontinuation or interruption of ART can lead

to viral rebound, weakening of the immune system,

and potential worsening of clinical conditions [22-26].

Therefore, interruption of ART is not recommended.

However, ART may be interrupted within a short

period in certain situations. Short-term interruptions

in ART, ranging from days to weeks, can occur for

various reasons, such as illnesses that prevent oral

intake (e.qg., gastroenteritis or pancreatitis) or surgical

procedures. Halting ART for a short time (less than 2

days) can generally be managed by temporarily holding

all drugs in the regimen. When patients cannot take
medications through any enteral route because of severe
gastrointestinal disease, the Department of Health and

Human Services (DHHS) guidelines recommend stopping

all components of the ART regimen simultaneously,

despite the differing half-lives of the drugs [17]. Once the
issue is resolved, all the components should be restarted
together. However, in the case of efavirenz (EFV) and
rilpivirine (RPV), which are non-nucleoside reverse
transcriptase inhibitors (NNRTIs) with considerably

https://doi.org/10.3947/ic.2024.0052 291
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longer half-lives than those of other ARVs [27, 28],
caution is required because of the risk of functional
monotherapy when the drug is discontinued. If ART
interruption is expected, preemptively changing EFV or
RPV to another drug, such as boosted protease inhibitors
(PIs), or stopping EFV or RPV first and then stopping all
other agents in the regimen 2-4 weeks later is possible.
However, this is difficult to achieve when a sudden
interruption is necessary. Long-term interruption of ART
for more than 2 weeks is not recommended. Injectable
ARVs such as carbotegravir and RPV may be useful when
long-term fasting is required.

In clinical practice, there are cases in which a patient
cannot eat food but can take medication. In particular,
there may be cases where long-term fasting (two weeks
or more) is necessary. In this situation, interactions
between food and ARVs should be considered. Some
ARVs can be taken regardless of meals, and for some
ARVs, the absorption of the drug and subsequent drug
plasma concentration may be affected by whether the
drug is taken with a meal. Among NNRTIs, doravirine
(DOR) can be administered without regard to food [29].
EFV is recommended to be consumed on an empty
stomach because food increases drug absorption

and central nervous system toxicities [30], whereas

RPV is recommended to be consumed with a meal

[31]. Additionally, RPV requires caution because it

is contraindicated in combination with proton pump
inhibitors [31], which are commonly used during fasting.
Among PlIs, the bioavailability of atazanavir (ATV) and
DRV also increases when consumed with food [32, 33].
Currently, widely used integrase strand transfer inhibitors
(INSTIs), such as BIC, DTG, or raltegravir, do not have food
requirements; however, for EVG, it is recommended that
the medication be taken with meals. According to a study
conducted in Japan, the administration of EVG/c/TDF/
FTC under fasting conditions decreased the mean area
under the curve (AUC) of EVG and TDF by 50% and 28%,

Table 2. Antiretrovirals that require food consideration

°
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respectively, relative to the administration of a standard
meal [34]. The study concluded that under fasting
conditions, the bioavailabilities of EVG and TDF were not
equivalent to those when they were administered with
food [34]. Therefore, caution should be exercised when
using DRV-, ATV-, or EVG-based regimens when long-term
fasting is expected. Table 2 presents ARVs that require
food consideration when taking.

2. How to use antiretroviral therapy if people with
HIV have a nasogastric tube or have swallowing
difficulties that make it difficult to take the
original tablet form?

If people with HIV are intubated or have swallowing

difficulty for one reason or another, it is difficult to

take ARVs in reqgular tablet form. In many regions

worldwide, including Korea, injectable ARVs have yet to

be introduced; therefore, an alternative way of using the
existing tablet formulation is needed. The European AIDS

Clinical Society (EACS) guidelines version 12.0 provide a

well-organized table for ARV administration in patients

with swallowing difficulties [18]. Several reviews have
discussed the administration of ARVs in cases of enteral
feeding [35, 361]. In addition to the data presented in

the guidelines, the pharmacokinetics (PK) parameters

of some dissolved or crushed ARVs have been reported.

Here, we summarize the information about some ARVs.

For BIC/TAF/FTC, EACS guidelines version 12.0 states

that tablets should be swallowed whole and should not be
chewed, crushed, or split. Following this recommendation,
it is difficult to use in people who are intubated or have
difficulty swallowing. However, this was due to insufficient
supporting data on the PK parameters when dissolving

or crushing BIC/TAF/FTC. Hocqueloux et al. conducted

a crossover randomized trial in healthy adults and
investigated the bioavailability of dissolved and crushed
BIC/TAF/FTC [37]. According to the study, BIC/TAF/FTC
tablets are completely dissolved in 240 mL of water in a

Antiretrovirals

Food consideration

EFV-based regimens
RPV-based regimens
ensure proper absorption
Food improves absorption
Food improves absorption
Food improves absorption
Food improves absorption

ATV/r- or ATV/c-based regimens
DRV/r- or DRV/c-based regimens
EVG/c/TDF/FTC
EVG/c/TAF/FTC

Food increases the absorption of EFV and potentially increases its central nervous system side effects
Food improves absorption. RPV-based regimens should be taken with at least 390 food calories to

EFV, efavirenz; RPV, rilpivirine; ATV/r, ritonavir-boosted atazanavir; ATV/c, cobicistat boosted atazanavir; DRV/r, ritonavir boosted darunavir;
DRV/c, cobicistat boosted darunavir; EVG/c/TDF/FTC, elvitegravir/cobicistat/tenofovir disoproxil fumarate/emtricitabine; EVG/c/TAF/FTC,

elvitegravir/cobicistat/tenofovir alafenamide/emtricitabine.
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plastic bottle at room temperature for 6-7 minutes. For
people who have nasogastric tubes, the following steps
were recommended:

1) Flush the tube with 30 mL of water.

2) Administer the dissolved BIC/TAF/FTC formulation in
240 mL of water.

3) Flush the tube with 30 mL of water.

In the case of enteral feeding, separating the
administration of BIC/TAF/FTC from enteral feeds

by 4 hours is recommended because of the risk of
interaction with polyvalent metal cations. The C,,,, Of

the dissolved tablet was 105%/97%/96%, and the

AUC was 111%/100%/99%, respectively. The Cp., of

the crushed tablet was 110%/70%/66%, and the AUC

was 107%/86%/84%, respectively. Dissolving BIC/TAF/
FTC in water may be acceptable; however, crushing BIC/
TAF/FTC tablets may lead to suboptimal TAF and FTC
concentrations. According to the results of this study, if the
BIC/TAF/FTC tablet cannot be swallowed whole, dissolving
it in water and taking it immediately could be considered,
and there were no actual problems in this case.

The DTG-containing regimen, which was released in the
market before the BIC-containing regimen, was also
studied for its bioavailability when crushed. Roskam-Kwint
et al. investigated the effect of a crushed DTG-based
fixed-dose combination of DTG/ABC/3TC and administered
enteral nutrition [38]. As a result, crushing DTG/ABC/3TC
leads to higher DTG exposure (AUC: +26% and Cay:
+30%) and a decrease in ABC C,.x (-17%). The 3TC
concentration was not significantly affected. Higher DTG
exposure did not exceed DTG intake with food or twice-
daily dosing. Therefore, the authors concluded that DTG/
ABC/3TC can be crushed and administered with enteral
nutrition. Based on the results of this study, although not
studied separately, it is expected that the single-tablet
regimen (STR) of DTG/3TC can also be crushed and used
for enteral nutrition.

An oral suspension form for DRV, which has the highest
resistance barrier among Pls, is available in some
countries. However, in countries where access to oral
suspensions is unavailable, including Korea, DRV should
be administered as a tablet formulation. There have been
several published case reports in which ritonavir boosted
darunavir (DRV/r) was crushed and used in patients with
difficulty swallowing [39-41]. These studies reported no
specific problems with serum DRV concentrations or
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viral suppression, even when DRV/r was crushed and
used with an enteral feeding tube. Research results on
DRV/c/TAF/FTC STR have been reported [42]. In this
study, the DRV/c/TAF/FTC STR was split or crushed

and compared with the whole swallowed STR, which is
the reference method. The split showed comparable
bioavailability of each DRV/c/TAF/FTC component to that
of the whole tablet. In contrast, the crushed tablet showed
comparable bioavailability to DRV/c, but the relative
bioavailability of TAF decreased by 29% C,,,, and 19%
AUC compared to the whole tablet. The authors noted
that the clinical significance of this change has not yet
been evaluated, but it is anticipated to be minor, given
the broad therapeutic range of this agent. Summarizing
the results of this study, similar to the results of the BIC/
TAF/FTC study above, in the case of TAF, a decrease in
concentration may occur when crushed. However, at
least in the case of DRV/c, it can be used by splitting or
crushing. Therefore, although the manufacturer does not
recommend crushing tablets, EACS guidelines 12.0 states
that crushed DRV/c tablets can be used [18].

For DOR, the newest NNRTI, there are still no PK data
regarding its use when crushed or dissolved. There is a
case report that viral suppression was maintained in a
person with HIV with the M184V mutation using crushed
DOR with DTG and 3TC in a nasojejunal feeding tube
[43]. However, viral suppression may have also been
maintained by the co-administration of DTG. As the drug
concentration for DOR could not be measured, it was
impossible to compare the bioavailability of crushed
DOR with that of whole tablets. Accordingly, the EACS
guidelines 12.0 also recommend that the tablet be
swallowed whole in the case of the DOR and DOR-based
STR, DOR/TDF/3TC [18].

Table 3 shows information about representative ARVs,
which can be or cannot be used by crushing or dissolving,
and the references. If injectable ARTs are available, they
can also be considered.

3. How to use antiretroviral therapy if people
with HIV receive continuous renal replacement
therapy?

Regarding the use of ART while on CRRT, both the EACS

guidelines 12.0 and the DHHS guidelines only mention

chronic hemodialysis but do not provide information
about CRRT [17,18]. The clinical practice guidelines

for chronic kidney disease in patients infected with

HIV were revised in 2014 by the Infectious Diseases
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Table 3. Antiretrovirals that can be or cannot be used by crushing or dissolving
Antiretrovirals Information References
STR

BIC/TAF/FTC Dissolving in water and taking it immediately can be considered [37]

DTG/ABC/3TC Can be crushed and administered with enteral nutrition [38]

DTG/3TC Can be crushed and administered with enteral nutrition [38]

DOR/TDF/3TC There has yet to be PK data on crushed and dissolved. The tablet must be swallowed whole [43]
NRTI

TAF/FTC Dissolving in water and taking it immediately can be considered. Crushing tablets could reduce [37,42]

the TAF bioavailability but does not significantly impact TAF/FTC PK

TDF/FTC Dissolving in water and taking it immediately can be considered [18]

3TC Can be crushed and administered with enteral nutrition [38]

FTC Dissolving in water and taking it immediately can be considered [37]

ABC Can be crushed and administered with enteral nutrition [38]
INSTI

DTG Can be crushed and administered with enteral nutrition. Crushing DTG leads to higher DTG [38]

exposure but does not exceed exposure intake with food or twice-daily dosing

RAL Chewing the tablets has higher drug absorption and lower drug inter-subject PK variability [44]
Pl

DRV Can be crushed and administered with enteral nutrition [39-41]

DRV/c Can be crushed and administered with enteral nutrition [42]

LPV/r Significantly lower AUC with crushed tablets [45]
NNRTI

DOR Crushing or dissolving tablets is not recommended [43]

ETV Dispersed in >5 mL water showed bioequivalence to the whole tablet [46]

STR, single-tablet regimen; BIC, bictegravir; TAF, tenofovir alafenamide; FTC, emtricitabine; DTG, dolutegravir; ABC, abacavir; 3TC, lamivudine;
DOR, doravirine; TDF, tenofovir disoproxil fumarate; PK, pharmacokinetics; NRTI, nucleoside reverse transcriptase inhibitors; INSTI, integrase
strand transfer inhibitor; RAL, raltegravir; P, protease inhibitor; DRV, darunavir; DRV/r, ritonavir boosted darunavir; DRV/c, cobicistat boosted
darunavir; LPV/r, ritonavir boosted lopinavir; NNRTI, non-nucleoside reverse transcriptase inhibitors; ETV, etravirine.

Society of America [47], but they did not mention how

to administer ART when receiving CRRT. This is because
no research has been conducted on how CRRT affects
the drug concentration of ARVs or the effectiveness

of ART in patients with HIV during CRRT. The reasons

for this may be that 1) there are only a small number

of people with HIV who undergo CRRT, 2) it is difficult

to research those who are likely to be critically ill, and

3) CRRT is generally used for a short period, so the

need for research is relatively low. Moreover, in the

case of CRRT, drug clearance depends on the patient's
remaining renal function, effluent flow rate, filter type,
and renal replacement method; therefore, it is difficult

to make recommendations based on the same criteria.
Nevertheless, the number of people with HIV who require
CRRT may increase in the future [48, 49], and in such
cases, it would be helpful to describe at least a little about
how to administer ART while on CRRT.

Generally, drugs with a high protein-binding are not
removed by CRRT [50]. As in this presented case, in the
case of BIC/TAF/FTC, although the protein binding of FTC
is lower than 4%, the protein binding of BIC is over 99%,
and the protein binding of TAF reaches 80%. Therefore,
although many portions of FTC and some portions of TAF
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can be removed during CRRT, BIC/TAF/FTC can be used
without dosage adjustment because the protein binding
of BIC and TAF is high. Similar to BIC, DTG and DRV, which
also have very high rates of protein binding, they can be
used without dosage adjustments during CRRT. Although
CRRT is generally conducted for a short period of time,
when ART is administered during CRRT, it is crucial

to monitor whether there are any adverse events and
whether it is effective.

4. How to use antiretroviral therapy in people
with HIV who have undergone gastrointestinal
resection?

When using ART in patients who have undergone

gastrointestinal resection, it is necessary to consider where

the ARVs are mainly absorbed in the gastrointestinal

tract and which part is removed. Depending on the site,

gastrointestinal resection can be classified as gastrectomy,

small bowel resection, or colon resection. Among these,
most data are from gastrectomies, which are also
performed for weight loss, as weight gain has recently

become an issue in people with HIV [51, 52].

Differences exist depending on the extent of stomach
removal during gastrectomy; however, gastrectomy
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generally results in decreased gastric volume, absorptive
surface area, motility, and gastric pH increases [53].
Therefore, it is difficult to use ATV and RPV in patients
who have undergone gastrectomy because absorption
may be impaired due to increased gastric pH [54, 55].
Studies have reported the PK of ARVs in patients who
have undergone gastrectomies. Although most studies
are case reports or case series, these data can be helpful
when limited data are available. Generally, PK changes
are noticeable during the early postoperative period [56].
Therefore, when examining research results on the PK of
ARVs after gastrectomy, it is necessary to consider the
timing of sampling performed after surgery. Information
on PK after gastrectomy for ARVs, commonly used in
clinical practice, is summarized below.

Tempestilli et al. reported their experience with BIC/TAF/
FTC in a patient who underwent Billroth Il gastrectomy,
followed by Roux-en-Y reconstruction for gastric cancer
[57]. They investigated drug plasma concentration in
patients using BIC/TAF/FTC 2 months after surgery

and found a modest decrease in the PK parameters

of BIC compared with population references, without
consequences on antiviral efficacy. They also found

an increase in TAF and FTC plasma concentrations,
suggesting high bioavailability of both ARVs despite
gastrectomy. Therefore, they concluded that a fixed-
dose combination of BIC/TAF/FTC effectively and safely
maintained high CD4 cell counts and stable plasma viral
suppression without adverse events in a patient with HIV
who underwent gastrectomy. However, because this study
measured drug plasma concentrations 2 months after
surgery, it did not address drug plasma concentrations in
the early postoperative period.

A case series also reported the use of DTG in patients

with HIV who underwent gastric bypass surgery [58].
According to this study, patients who underwent gastric
bypass achieved long-term DTG concentrations that were
comparable to historical data. In the initial postoperative
period, 3 of the 4 people with HIV who participated in the
study had DTG levels in the expected range for once-daily
administration. In the remaining 1 person with HIV, the

DTG level, measured 2 weeks after surgery, 0.5 mg/mL

at 1.5 hours after once-daily administration. Due to the
risk of inadequate drug concentration at the end of the
dosing period, the DTG dosage was increased to 50 mg
twice-daily. Two months after surgery, the DTG level on this
twice-daily schedule was satisfactory. Then, the dosage was
reduced to 50 mg once-daily again, consistently resulting
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in optimal DTG levels. To summarize this evidence, DTG
could be used once-daily during the initial postoperative
period. If there are concerns about absorption and
concentration, DTG twice-daily can be considered for the
first 2 months after surgery. This finding highlights the
need to investigate PK at various time intervals after
gastric bypass surgery. Mineral supplementation can be
administered after bariatric surgery. When INSTIs such as
BIC and DTG are used, they should be separated from the
mineral supplement intake to prevent INSTIs malabsorption
resulting from their chelation with minerals [56].

Studies on the use of DRV/r after gastrectomy have also
been reported [59, 60]. Similar to DTG, the study showed a
temporary decrease in the plasma concentration of DRV/r
after 3 days post-surgery; however, the concentration
required to inhibit viral replication was maintained, and
after 10 weeks post-surgery, the concentrations were
comparable with reference. Therefore, DRV/r can also be
used in patients who have undergone gastrectomy, and,
similar to DTG, the use of DRV/r twice can be considered in
the first 2 months after surgery.

The results of commonly used NRTIs, such as 3TC, FTC,
TDF, and TAF, vary depending on the study; however,
similar to the ARVs mentioned above, a transient and
reversible decrease in plasma concentration is generally
observed in the early postoperative period, without

any consequences on CD4 cells and HIV viral load.
Subsequently, the plasma concentration was maintained
without significant problems [60-62]. Therefore, there is
a high possibility that there will be no specific problems
when using DTG or DRV as the core drug in combination
with NRTIs in patients undergoing gastrectomy. However,
when TDF/FTC was administered as pre-exposure
prophylaxis (PrEP) in a patient who underwent total
gastrectomy with Roux-en-Y anastomosis, the standard
dose led to a reduced AUC and C.y, for both substances
compared to population references, potentially
compromising the effectiveness of PrEP [63]. Therefore,
when using TDF/FTC for PrEP in patients who have
undergone gastrectomy, it would be helpful to monitor
its concentration through therapeutic drug monitoring
(TDM), if available. The current evidence for ART use

in patients who have undergone gastrectomy can be
summarized as follows:

1) Gastrectomy generally affects the absorption of ARVs

by reducing gastric volume and absorptive surface area,
lowering gastric motility, and increasing gastric pH.
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2) PK changes are significant in the early postoperative
period, and the plasma concentrations of most ARVs
decrease during this period. Twice dosing of DTG
or DRV can be considered during this period (for 2
months after surgery).

3) Nevertheless, the risk of treatment failure does not
increase in commonly used ART, and the plasma
concentration of ARVs often recovers over time.

4) When using INSTIs, avoid simultaneous administration
with mineral supplements, as this may decrease their
absorption.

5) If possible, TDM can help determine the dosing.

The case covered in this paper is a case of ART for short
bowel syndrome caused by extensive small bowel resection.
When the small bowel is resected, the effect on absorption
may vary depending on the extent of resection. The wider
the resection range, the smaller the absorbable area, and
as the intestinal transit time decreases, absorption may
become more difficult. Additionally, several mechanisms
may affect drug absorption after small bowel resection [64,
65]. However, extensive small bowel resection in patients
receiving ART is rare, and related studies are limited. Only
one case report has been published in Japan [66]. This
case report describes the use of ART in a patient with
short bowel syndrome who underwent subtotal small

bowel resection for non-occlusive mesenteric ischemia.

In the patient, DRV, etravirine, LPV, maraviroc, RAL, and
ritonavir were administered, and plasma concentrations
were measured. As a result of multiple measurements,

a sufficient plasma concentration was not maintained;
therefore, multiple dosing was performed. Although this
case was limited in that it did not include drugs such as
2nd generation INSTIs, it can be said that it is difficult to
maintain the plasma concentration of ARVs in patients with
extensive small bowel resection, which means that there is
a high need for injectable ARVs in these patients.

The effects of colon resection on the absorption of ARVs
are limited. This is because most ARVs are absorbed in

the small intestine, including the duodenum, jejunum, and
ileum. Therefore, ART can be administered without dosage
adjustments, even in patients undergoing total colectomy.
More information regarding ARV absorption after
gastrointestinal surgery is well documented in ‘Prescribing
Resources' provided by the University of Liverpool [67].

In conclusion, as the average lifespan of people with HIV

increases, the number of people with HIV and various
comorbidities is expected to increase. Accordingly, the
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number of people with HIV who require critical care, such
as mechanical ventilation and CRRT or who undergo
gastrointestinal resection for cancer or obesity, is
expected to increase. As the prognosis of people with HIV
depends on the continuous and effective maintenance

of ART, physicians treating HIV need to be aware of the
effective maintenance of ART in this population, and this
field still requires more research and data.
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