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Abstract This study aims to explore the clinical features,

radiological findings, management and the factors influ-

encing prognosis in PCR-confirmed herpes simplex virus

encephalitis (HSE). This is a retrospective review of con-

secutive patients diagnosed with HSE at Mayo Clinic,

Rochester, MN, between January 1995 and December

2013. Only HSE cases confirmed by PCR were included.

Univariate and multivariate analysis was used to identify

factors associated with good (modified Rankin Scale of

0–2) or poor outcome (mRS of 3–6) at hospital discharge

and 1-year follow-up. We identified 45 patients with HSE.

Median age was 66 (IQR 53.5–78) years. HSE was caused

by HSV-1 in 33 cases and by HSV-2 in 9. Nearly half had

seizures upon admission or during hospitalization. The

most common regions involved on MRI were the temporal

lobe in 35 (87.5 %), insula in 28 (70.0 %), frontal lobe in

27 (67.5 %) and thalamus in 11 (27.5 %) patients. MRI

pattern was quite homogeneous with HSV-1 infection, but

much more heterogeneous with HSV-2. Good outcome at

discharge and at 6–12 months was seen in 16 (35.6 %) and

27 (65.9 %) patients, respectively. On multivariate analy-

ses, older age (p = 0.001), coma (p = 0.008), restricted

diffusion on MRI (p = 0.005) and acyclovir started after

the first day of admission (p = 0.050) were associated with

poor outcome at discharge. Older age, development of

coma, presence of restricted diffusion on brain MRI and

delay in the administration of acyclovir portend poor out-

come in HSE. Conversely, presence of seizures, focal

neurological deficits, EEG abnormalities and location or

extension of FLAIR/T2 abnormalities did not influence

functional outcome.

Keywords Encephalitis � Viral infections � Herpes
simplex virus � Outcome � Imaging � DWI

Introduction

Herpes simplex virus encephalitis (HSE) is one of the most

common causes of sporadic encephalitis with a global

incidence of one to four cases per million people per year

[1]. More than 90 % of the cases are caused by herpes

simplex virus type 1 (HSV-1) and 7 % by herpes simplex

virus type 2 (HSV-2) [2]. Before the development of

antiviral therapy, HSE-related mortality and morbidity

rates were around 70 % and 50 %, respectively [3]. Two

major advances led to a frank improvement in outcomes:

(1) two large randomized trials in the mid-1980s showing

that intravenous acyclovir reduced the 6-month mortality

rate to approximately 20 % [4, 5] and (2) introduction of

HSV DNA amplification by PCR in the 1990s leading to

earlier diagnosis of HSV encephalitis and hence, treatment

[1, 6]. Yet, HSE remains a potentially fatal disease and

neurological sequelae are still often present among sur-

vivors [7, 8].

Earlier studies looking into the factors associated with

poor prognosis in HSE included patients diagnosed both

clinically and with PCR [7, 9], had a small cohort of PCR-

confirmed cases, or did not have a long-term follow-up

[10–13]. The biggest study of PCR-confirmed HSV

encephalitis cases (n = 93) was a multicenter study over a

decade ago, but this study did not analyze associated

imaging findings (particularly MRI) and electroen-

cephalogram (EEG) changes [14, 15].
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In this study, we aimed to explore the clinical features,

management, short- and long-term outcome and the factors

influencing prognosis, with particular attention to radio-

logical and EEG findings, in a cohort of PCR-confirmed

HSE cases. We also explored the differences in the pre-

sentation, imaging, EEG findings and outcome between

HSV-1 and HSV-2 cases.

Methods

Study design

We conducted a search for the following terms ‘‘HSV

encephalitis’’, ‘‘herpes simplex encephalitis’’, ‘‘herpes

simplex virus encephalitis’’, ‘‘herpes encephalitis’’ using

our electronic data search system at the Mayo Clinic,

Rochester, MN, between January 1995 and December

2013. All records were then manually reviewed and cases

with a final diagnosis of HSV encephalitis were included in

our final cohort.

Study definitions

Encephalitis was defined according to a recent international

consensus statement as presentation with altered mental

status (decreased or altered level of consciousness, lethargy

or personality change) lasting more than 24 h, with at least

three of the following associated manifestations: (1) fever

C38 �C within 72 h before or after presentation, (2) gen-

eralized or partial seizures, (3) new onset of focal neuro-

logical findings, (4) cerebrospinal fluid (CSF) white blood

cell count C5/mm3, and (5) EEG abnormality [16]. HSV

encephalitis was defined as encephalitis meeting the above

criteria and the presence of HSV DNA in the CSF identi-

fied by PCR. Clinical outcome was graded using the

modified Rankin Scale (mRS). Immunocompromised state

was defined as patients diagnosed with AIDS, post-trans-

plantation and receiving chemotherapy or chronic

immunosuppressants. Coma was defined as a sum Glasgow

Coma Scale score B8. Thrombocytopenia was defined as

platelet count\150,000/mm3. Seizures were defined clin-

ically or by EEG. Status epilepticus (SE) was defined as

continuous seizure activity lasting longer than 5 min or

recurrent seizures without regaining consciousness

between seizures for more than 5 min. Good outcome was

defined as mRS score of 0–2 (patient capable of indepen-

dent functioning). Post-encephalitic epilepsy was defined

by the documentation of recurrent seizures after recovery

from the acute episode of encephalitis that required the

index hospitalization or the requirement of long-term

antiepileptic drugs for[12 months [17].

Inclusion/exclusion criteria

Patients were included in our study if they (1) satisfied the

above criteria for HSE encephalitis, (2) were admitted and

treated at Mayo Clinic Hospital, and (3) were 18 years or

older. Patients were excluded from our study if (1) HSV

encephalitis was suspected clinically or radiologically

without a positive PCR for HSV DNA, (2) HSV

encephalitis was solely diagnosed based on a positive

serum antibody, (3) had HSV meningitis only, (4) an

alternative final diagnosis was identified, (5) were admitted

elsewhere during the acute hospitalization.

Clinical parameters, procedures and investigations

All patients underwent a complete neurological exami-

nation performed by a neurologist upon admission, during

hospitalization and at discharge. We collected the basic

demographic data and information about any pre-existing

health conditions from the patient records. During

admission, details about the presenting signs/symptoms,

duration of the symptoms, physical examination data like

the GCS score, presence and type of seizures, focal

neurological deficits, laboratory investigations and CSF

profile were collected. The trends in the cell counts and

CSF values, requirement for intensive care unit (ICU) and

mechanical ventilation, and development of new onset

seizures, SE or a focal neurological deficit were also

recorded. The date of the positive HSV PCR, type of

HSV, number of PCR tests done to reach the diagnosis

and treatment administered were gathered. Functional

status was assessed at discharge, and between 6 months

and 1 year after discharge. We also checked for the

presence of epilepsy at last follow-up in patients with a

minimum follow-up of 12 months.

Radiological examination

Neuroimaging studies (CT and MRI scans) were performed

within the first week of admission. The scans were inde-

pendently reviewed and interpreted by a critical care neu-

rologist (AAR) who was blinded to the clinical information

of the patients. Findings recorded were the presence of

FLAIR/T2 abnormalities, lateralization of changes, specific

involvement of the temporal, frontal lobes, insula, thalamus

or other areas of the brain, and presence of hemorrhage,

mass effect (i.e., midline shift or regional tissue compres-

sion not limited to sulci effacement), contrast enhancement

(leptomeningeal, parenchymal, or both) and cortical

involvement. The presence of restricted diffusion using

diffusion-weighted imaging (DWI) and apparent diffusion

coefficient (ADC) was also collected.
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EEG recordings

All the EEGs were performed using a 21-channel and

employing 10–20 system of electrode placement, within

24 h of suspected encephalitis or seizures. Continuous

EEG was reserved for patients who experienced continuous

or frequent clinical or electrographic seizures. All the

recordings were done in horizontal or vertical runs in

bipolar montages and interpreted by an epileptologist with

board certification in electroencephalography. The findings

that were recorded included background activity, epilepti-

form discharges [focal sharp spike and wave, periodic

lateralized epileptiform dischargers (PLEDs) and general-

ized periodic discharges (GPDs)] and the presence of focal

slowing with the areas involved.

Statistical methods

For quantitative variables, data are presented as median

(interquartile range) and for qualitative data as frequency

(percentage). Patients were categorized into two groups of

good and poor outcome based on their mRS at discharge

and at 6–12 months. Univariate analyses were used to

determine which variables were associated with poor out-

come. Group differences for categorical data were assessed

using the v2 test and Fisher’s exact test as applicable while

Mann–Whitney test was used to analyze continuous vari-

ables as they were not normally distributed. For the anal-

yses, all the patients who presented with or developed

thrombocytopenia, seizures, SE, or focal neurological

deficits were grouped together as acute thrombocytopenia,

acute seizures, SE and acute focal neurological deficits. A

multivariate logistic regression analysis was performed to

evaluate associations with outcome at discharge using

different combinations of factors associated with outcome

on univariate analysis, considering two variables at a time

(to avoid over-fitting given the size of the population).

Since the population size in the poor outcome group at

6–12 months was only 14, multivariate analyses could not

be performed for this endpoint of delayed functional out-

come. All statistical tests were two-sided and p B 0.05 was

considered to be statistically significant. Statistical analyses

were performed using the JMP 10.0.0 (SAS Institute Inc.,

Cary, NC, USA).

Results

We identified 239 patients in our initial search with the

diagnosis of HSV encephalitis in the medical records. After

excluding patients younger than 18 years old, patients

without PCR confirmation of diagnosis, patients with a

final alternative diagnosis, and patients admitted elsewhere

during the acute hospitalization, our final cohort consisted

of 45 PCR positive HSE cases. HSE was caused by HSV-1

in 33 and by HSV-2 in 9 cases. In three additional patients,

the CSF PCR reports from 1990s mentioned that the PCR

was positive for HSV, but did not report the type of HSV.

Clinical characteristics and presentation

The median age of our cohort was 66 (IQR 53.5–78) years

with a female predominance (32, 71.1 %). The median

duration of symptoms before hospital admission was 4

(IQR 1–7) days and 18 (40 %) patients were referred from

other hospitals. Ten patients (22.2 %) were immunocom-

promised at admission and the cause was chemotherapy in

5 (50 %) patients and chronic steroids in 5 (50 %) patients.

The most common symptoms at presentation were confu-

sion in 41 cases (91.1 %), nausea/vomiting in 14 (31.1 %),

focal deficits in 14 (31.1 %), focal seizures in 5 (11.1 %)

and generalized seizures in 3 (6.7 %). Many patients had

more than one symptom at presentation. Seventeen

(37.8 %) patients developed seizures during hospitaliza-

tion, of which 7 (15.6 %) were generalized and 11

(24.4 %) were focal. Eight patients (17.8 %) developed

new focal deficits during the hospitalization. Status

epilepticus was present in 4 (8.9 %) patients upon admis-

sion and it developed in 2 (4.4 %) during the hospitaliza-

tion. Twenty-seven (60.0 %) patients were admitted to the

ICU with a median duration of 3 (IQR 2–11) days and 16

(35.6 %) required mechanical ventilation for a median of 8

(IQR 2.3–17.3) days. Peripheral blood counts showed

leukocytosis in 19 (42.2 %) patients at admission and in 25

(56.8 %) during hospitalization while thrombocytopenia

was present in 9 (20.0 %) patients at admission and in 21

(47.7 %) during hospitalization. Detailed information on

the demographics and clinical presentation of the entire

HSE cohort, HSV-1 and HSV-2 viruses are presented in

Table 1.

Laboratory findings

All the patients in our study had their CSF analyzed. The

median CSF leukocyte count was 64 cells/mcL (range

1–2508) with seven patients having a count of less than 5

cells/mcL. The first PCR was positive for HSV in 41

patients after a median duration of 7 (IQR 3–10.5) days

from symptom onset and 0 (IQR 0–3) days from the day of

admission. HSE was diagnosed on the day of admission in

22 (48.8 %) patients and in 19 (42.2 %) patients after a

median of 2 (IQR 1–5.3) days after admission. The repeat

PCR test was positive in 4 (9 %) patients after a median

duration of 12.5 (IQR 6.5–16.3) days from the onset of

symptoms and 9.5 (IQR 4.5–14.5) days from the day of

admission. Three of these patients showed CSF pleocytosis
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on their first CSF analyses with a count of 19, 89, 90 cells/

mcL while one patient had a count of 2 cells/mcL. Two of

these patients were diagnosed with HSV-2 and were

immunocompromised because of chemotherapy. Positive

serum HSV antibody was documented in only 2 (4.4 %)

patients, but both of them also had a positive CSF PCR

with HSV-1. Fifteen patients had acyclovir started before

the PCR was checked. Among the four patients with

initially negative PCR, two had acyclovir started before the

CSF was obtained. The detailed CSF findings of the entire

cohort are listed in Table 2.

Imaging findings

All patients except one underwent radiological testing, with

CT scans in 42 (93.3 %) and MRI in 40 (88.9 %) patients.

Table 1 Demographics and clinical presentation of our cohort with HSV encephalitis categorized according to specific etiology

All HSV cases (n = 45)a HSV-1 (n = 33) HSV-2 (n = 9) p value

Age, years 66 (53.5–78) 67 (53.5–77.5) 66 (51.5–79) 0.987

Age[ 65 25 (55.6) 18 (54.6) 6 (66.7) 0.511

Male gender 13 (28.9) 11 (33.3) 1 (11.1) 0.161

Immunocompromised 10 (22.2) 7 (21.2) 2 (22.2) 0.948

Duration of symptoms before hospitalization 4 (1–7) 4 (1–7) 2 (1–7) 0.494

Outside hospitalization 18 (40.0) 14 (42.4) 3 (33.3) 0.619

Clinical data

Temperature 37.9 (37.2–38.8) 38 (37.2–38.6) 37.3 (37.1–37.9) 0.158

GCSb 14 (10–15) 14 (10.5–15) 10 (8–14) 0.182

Confusionb 41 (91.1) 31 (93.9) 7 (77.8) 0.181

Headacheb 10 (22.2) 9 (27.3) 1 (11.1) 0.283

Photophobiab 2 (4.4) 1 (3.1) 1 (11.1) 0.359

Nausea/vomitingb 14 (31.1) 12 (36.4) 2 (22.2) 0.413

Seizuresc 21 (46.7) 15 (45.5) 4 (44.4) 0.957

Generalized seizuresc 10 (22.2) 6 (18.2) 2 (22.2) 0.784

Focal seizuresc 13 (28.9) 11 (33.3) 2 (22.2) 0.513

Status epilepticusc 6 (13.3) 3 (9.1) 3 (33.3) 0.089

Focal deficitsc 18 (40.0) 15 (45.5) 3 (33.3) 0.511

Acute thrombocytopeniac 21 (47.7) 14 (43.8) 4 (44.4) 0.971

ICU admission 27 (60.0) 20 (60.6) 5 (55.6) 0.784

Coma 15 (33.3) 9 (27.3) 4 (44.4) 0.334

Intubation/ventilation 16 (35.6) 10 (30.3) 4 (44.4) 0.432

Treatment

Time to acyclovir 1 (1–3) 1 (1–2.5) 2 (1–2.5) 0.711

Acyclovir on day 1 23 (51.1) 19 (57.6) 4 (44.4) 0.484

Duration of acyclovir 21 (14–21) 21 (14–21) 21 (14–21) 0.627

Outcome

Hospital stay 14 (8.8–23) 14 (9–23) 11 (3–25.5) 0.391

Hospital mortality 7 (15.6) 4 (12.1) 2 (22.2) 0.463

Good outcome at discharge 16 (35.6) 12 (36.4) 4 (44.4) 0.661

Good outcome at 6–12 monthsd 27 (65.9) 20 (68.9) 5 (55.6) 0.464

Epilepsy at last follow-upe 10 (45.5) 10 (55.6) 0 (0.0) 0.037

Data presented as n (%) or median (IQR)
a In three patients PCR report did not specify if HSV-1 or HSV-2. One patient was diagnosed in 1996 and two in 1998
b On admission
c On admission and during hospitalization
d Outcome at 6–12 months available in 41 patients
e Based on 22 patients (18 with HSV-1, 3 with HSV-2 and 1 with unknown HSV type) for whom this information was available
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Our radiological data was collected preferentially from the

MRI scans. MRI was done after a median duration of 2

(IQR 1–8.5) days from the day of admission. On MRI

examination, 38 (95.0 %) patients showed FLAIR/T2

abnormalities, 17 (50.0 %) had restricted diffusion, 23

(69.7 %) had contrast enhancement and 36 (90.0 %) had

cortical involvement. The most common regions involved

were the temporal lobe in 35 (87.5 %) followed by insula

in 28 (70.0 %), frontal lobe in 27 (67.5 %), thalamus in 11

(27.5 %) and parietal lobe in 2 (5.0 %) patients. Hemor-

rhage was present in 2 (5.0 %) while mass effect was seen

in 16 (40.0 %) patients. As detailed in Table 2, patients

with HSV-1 encephalitis had temporal and insular FLAIR

signal abnormalities with cortical involvement in nearly all

cases and significantly more frequent than HSV-2 cases.

The typical radiological pattern of HSV-1 encephalitis

(FLAIR sequence) is shown in Fig. 1 and the diffusion

abnormalities on diffusion-weighted imaging (DWI)

Table 2 CSF and radiological

findings of the cohort with HSV

encephalitis categorized

according to specific etiology

All HSV cases (n = 45)a HSV-1 (n = 33) HSV-2 (n = 9) p value

CSF findings

CSF glucose (mg/dL) 61 (50.3–72) 61.5 (52.8–72) 39 (37–57.5) 0.011

CSF glucose/blood glucose 0.50 (0.44–0.57) 0.51 (0.45–0.57) 0.41 (0.38–0.62) 0.379

CSF protein (mg/dL) 75 (57.5–105) 76 (56.5–103) 71 (50.5–285) 0.509

CSF RBCs (n/mcL) 4 (2–54) 2 (2–34) 17 (8.5–531) 0.048

CSF leukocytes (n/mcL) 64 (12–191.5) 55 (16–153.5) 90 (13.5–708) 0.416

64 (1–2508)b 55 (1–1199)b 90 (1–2508)b

CSF neutrophils (%) 2 (0.3–13) 2 (0–7) 4 (1–36) 0.127

CSF lymphocytes (%) 74.5 (55.3–89.3) 74.5 (58.3–89.3) 83 (37.5–94.5) 0.815

CSF monocytes (%) 19 (7–29) 20 (10–30) 6 (3–24) 0.032

Radiological findings

CT done 42 (93.3) 31 (93.9) 8 (88.9)

MRI done 40 (88.9) 31 (93.9) 7 (77.8)

FLAIR/T2 38 (95.0) 30 (96.8) 6 (85.7) 0.296

Right side 11 (28.9) 9 (30.0) 1 (16.7)

Left side 11 (28.9) 8 (26.7) 3 (50.0)

Bilateral 16 (42.1) 13 (43.3) 2 (33.3)

Temporal lobe involvement 35 (87.5) 30 (96.8) 3 (42.9) \0.001

Frontal lobe involvement 27 (67.5) 21 (67.7) 6 (85.7) 0.317

Insula 28 (70.0) 25 (80.7) 2 (28.6) 0.008

Thalamus 11 (27.5) 9 (29.1) 2 (28.6) 0.981

Hemorrhage 2 (5.0) 1 (3.2) 1 (14.3) 0.296

Mass effect 16 (40.0) 13 (41.9) 3 (42.9) 0.964

Restricted diffusionc 17 (50.0) 13 (48.2) 4 (57.1) 0.671

Contrast enhancementd 23 (69.7) 19 (70.4) 4 (80.0) 0.651

Leptomeningeal 1 (4.3) 1 (5.2) 0 (0.0)

Parenchymal 17 (73.9) 14 (73.7) 3 (75.0)

Both 5 (21.7) 4 (21.1) 1 (25.0)

Cortical involvement 36 (90.0) 29 (93.6) 6 (85.7) 0.518

EEG findings

EEG done 36 (80.0) 26 (78.8) 8 (88.9)

Epileptic discharges present 26 (72.2) 23 (88.5) 2 (25.0) \0.001

PLEDs 23 (88.5) 20 (87.0) 2 (100.0) 0.465

Focal slowing 21 (58.3) 18 (69.2) 2 (25.0) 0.026

Data presented as n (%) or median (IQR)
a In three patients PCR report did not specify if HSV-1 or HSV-2
b Data presented as median (range)
c Diffusion-weighted imaging (DWI) was done in 34 patients
d Contrast was administered to 33 patients
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sequence are shown in Fig. 2. The MRI findings (FLAIR

sequence) in HSV-2 encephalitis are shown in Fig. 3.

EEG findings

EEGs were done in 36 (80.0 %) patients (Table 2); 34

(94.4 %) patients showed slow background activity [theta

in 7 (19.4 %) and delta in 27 (75.0 %)]. Interictal epilep-

tiform discharges (IEDs) were seen in 26 (72.2 %) patients

and they were unilateral in 21 (80.8 %) and bilateral in 5

(19.2 %) patients. Focal sharp wave and spikes were seen

in 3 (11.5 %) patients, whereas PLEDs and GPDs were

seen in 22 (84.6 %) and 1 (3.8 %) patient, respectively.

Focal slowing was present in 21 (58.3 %) patients and the

most common brain regions affected were the temporal

lobe in 13 (61.9 %), an entire hemisphere in 4 (19.0 %),

occipital in 3 (14.3 %) and frontal in 1 (4.7 %) patient. As

shown in Table 2, epileptiform discharges were signifi-

cantly more common in cases of HSV-1 encephalitis as

compared to HSV-2.

Treatment and outcome

All patients were treated with intravenous acyclovir. The

median time between hospital admission and initiation was

0 (IQR 0–2) days and 23 (51.1 %) patients received it on

the first day of admission. Twenty-seven (60.0 %) patients

received it for duration of 21 days and the median duration

of therapy for the entire cohort was 21 (IQR 14–21) days.

Good outcome at discharge was seen in 16 (35.6 %)

patients. Among all the patients with good outcome at

discharge (n = 16), only 4 patients (25.0 %) were treated

between 1995 and 2004 while 75.0 % were treated in the

second decade of our study (p = 0.009). Follow-up

between 6 and 12 months after discharge was available for

41 patients and 27 (65.9 %) of them had a good outcome.

Among the patients who were alive at discharge, 27

(79.4 %) had a good outcome at 6–12 months. We did not

have follow-up information for four patients; at discharge

two of these patients had a mRS of 3 and the other two had

a mRS of 4. Twenty-two patients (48.8 %) had a follow-up

of more than 12 months with a median follow-up of 65.3

(41.44–116.3) months. Post-encephalitic epilepsy was

noted in 10 (45.5 %) of these patients.

Predictors of outcome

Univariate analysis was performed to determine the factors

associated with outcome at discharge and at 6–12 months

(Tables 3, 4). The outcome analyses for the cohort of HSV-

1 patients at 6–12 months are presented in Table 5. Most of

the variables associated with outcome at discharge and at

6–12 months were similar except for acute thrombocy-

topenia. On multivariate analyses, the factors associated

with poor outcome were older age (unit odds ratio = 1.07;

95 % CI = 1.01–1.14, p = 0.001), coma (OR = 12.81;

95 % CI 1.57–285.31, p = 0.008), restricted diffusion on

MRI (OR = 8.54; 95 % CI = 1.87–51.74, p = 0.005) and

Fig. 1 Typical radiological

pattern of HSV-1 encephalitis

on MRI (FLAIR sequence). a–
c Case with unilateral left

temporal, insular and fronto-

orbital involvement. d–f Case
with extensive bilateral

hemispheric involvement.

Notice subtle posterior thalamic

changes in images c and e

282 J Neurol (2016) 263:277–289

123



acyclovir started after the first day of admission

(OR = 5.13; 95 % CI = 1.08–21.45, p = 0.050).

Discussion

Our study of consecutive cases of PCR-confirmed HSV

encephalitis, with detailed analyses of their radiologic and

EEG changes, describes the presentation, management and

short and long-term outcome of the disease and highlights

the factors associated with functional recovery. The factors

associated with poor outcome in our study were older age,

development of coma, presence of restricted diffusion on

brain MRI and delay in the administration of acyclovir.

Presence of seizures, focal neurological deficits, EEG

abnormalities and the presence or the extent of FLAIR/T2

abnormalities did not affect the outcome. The majority of

patients with HSV encephalitis had a favorable outcome at

1 year.

Our study included a relatively sizable series of HSV-2

encephalitis cases. The prevalence of HSV-2 cases in our

cohort was greater than previously reported [7, 14, 18] and

allowed us to compare the HSV-1 and HSV-2 cases in

terms of their clinical, radiological, and electroencephalo-

graphic characteristics. HSV-2 cases had a similar clinical

presentation to HSV-1 cases, but lacked the distinctive

MRI features of HSV-1 and had less epileptiform abnor-

malities on EEG.

The typical MRI abnormality in HSV-1 encephalitis was

the presence of asymmetric FLAIR hyperintensity corre-

sponding to edematous changes in the gray matter of the

mesial temporal lobes, inferior frontal lobes and insula [19,

20]. In our study all the HSV-1 encephalitis patients except

for one (with a poor quality MRI scan) showed these

findings. Almost 97 % of them had FLAIR/T2 abnormal-

ities, with temporal lobe and cortical involvement. Insula

was affected in approximately 80 % of cases and frontal

lobe in nearly 70 %. A previously less well described

thalamic involvement was also noted in 29.1 % of HSV-1

cases ipsilateral to the dominant temporal lobe findings.

Rarely changes in the parietal lobes were also seen. Only

one patient with HSV-1 encephalitis did not have the

typical MRI findings. This patient presented with a mild

disease and the quality of the MRI was poor and difficult to

interpret. Thus, the diagnosis of HSV-1 encephalitis is

unlikely in the absence of these radiological findings on

MRI. The MRI findings of HSV-2 cases tended to be much

milder and inconsistent, with nearly 85 % of them showing

FLAIR/T2 abnormalities and cortical involvement, 40 %

of them with temporal lobe involvement and nearly a

quarter with involvement of the insular regions. These

patients were thought to be immunologically normal at the

time of their encephalitis.

The most novel finding of our study is the recognition of

an association between diffusion abnormalities and poor

outcome at discharge and at 1 year. Restricted diffusion on

MRI was present in more than two-thirds of the patients

with HSE who experienced poor outcome. This radiologi-

cal finding had been recently shown to predict outcome in a

small cohort of neonatal HSE but had not been previously

reported in adults [21]. Abnormalities in DWI are attrib-

uted to cytotoxic edema, and this has been shown to be the

earliest change in HSE. It has also been found to be sig-

nificantly better for lesion conspicuity in comparison to T2/

FLAIR sequences for acute HSE (1–10 days), but not in

chronic HSE [20]. No other abnormalities on MRI,

including the extent of the inflammatory changes visual-

ized on FLAIR sequences, specific affected regions, cor-

tical involvement or contrast enhancement were associated

with poor outcome. We have previously reported similar

findings in a larger cohort of cases of acute encephalitis of

various etiologies [22].

Delay in the initiation of acyclovir after admission has

been shown to be associated with an unfavorable outcome

Fig. 2 Examples of two cases of HSV-1 encephalitis (a–b and c–
d) with areas of restricted diffusion on diffusion-weighted imaging

(DWI) sequence. a DWI abnormality affecting the right insular

cortex. b Corresponding changes on the apparent diffusion coefficient

(ADC) map. c DWI abnormality on the left temporal lobe. d Corre-

sponding changes on the ADC map
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both at discharge and at 1 year, and longer delays have the

most serious neurological consequences [7, 10, 12, 14]. In

our study, delay in initiation of acyclovir was significantly

associated with unfavorable outcome while 68.6 % of

patients who received acyclovir on the first day of admis-

sion had a favorable outcome at discharge. The most

common reasons for the delay in the initiation of therapy

are the failure to consider HSE while awaiting the results of

CSF analysis, relatively normal CSF findings with CSF

white cell count\10/mm3, chronic alcohol abuse, severe

underlying disease and a delay in obtaining brain imaging

following hospital admission [10, 23]. Unlike other prog-

nostic factors associated with poor outcome, late initiation

of acyclovir is easily modifiable. Our findings confirm the

importance of starting acyclovir empirically in any patient

with possible HSE while awaiting the results of the CSF

PCR.

The EEG is often abnormal in HSE, with the most

prominent finding being the presence of PLEDs, slow

background activity with a focal attenuation and electro-

graphic seizures [16]. In our study, epileptic discharges and

focal slowing were more common in HSV-1 encephalitis as

compared to HSV-2. However, the presence of these

abnormalities was not associated with short- or long-term

outcome. On long-term follow-up, epilepsy occurred in

HSV-1 cases with an incidence of 55.6 %, while this

complication was not seen after HSV-2 infection in our

cohort.

At discharge, 35.5 % of the patients had a favorable

outcome and were capable of independent living and only 7

(15.6 %) patients died in the hospital. Among patients who

survived the hospitalization, 79.4 % achieved a good out-

come. These outcomes are better than in some previous

studies, but comparable to other more recent reports [7, 12,

14]. The percentage of patients with a good outcome is

slightly lower than in a recent trial that reported a good

outcome in 90.2 % of cases (defined as no or minimal

neuropsychological impairment by the Mattis Dementia

Rating Scale at 12 months). However, the two cohorts

cannot be directly compared. While our cohort included

consecutive patients with all degrees of severity and

immune status, that trial was restricted to immunocompe-

tent subjects who had survived the acute hospitalization

without severe deficits and were expected to survive for at

least 90 days [24]. We also found that the outcomes in our

cohort were significantly improved in the second decade of

our study (2005–2013). This probably reflects the

improving standards of care, prompter diagnosis and, most

importantly, early administration of treatment.

The main limitations of our study are inherent to its

retrospective design and the size of the cohort. Our hospital

is a large referral center and more than a third of the

patients included in this study were referred from other

hospitals. Therefore, our findings might be affected by

referral bias and might not be representative of the expe-

rience in other settings. Although we present short- and

Fig. 3 Examples of various

radiological manifestations seen

in cases of HSV-2 encephalitis.

All images are from FLAIR

sequence. a Extensive

hyperintensity involving the

right temporal and frontal lobes.

b Inflammatory changes

restricted to the left temporal

lobe. c Focal area of signal

abnormality in the left thalamus.

d Faint hyperintensity involving

bilateral limbic structures and

the inferior frontal cortex

bilaterally. e Large right frontal

hemorrhage; the patient’s

encephalopathy failed to

improve after hematoma

evacuation and actually

progressed, EEG showed

bilateral independent periodic

epileptiform discharges and

seizures, and PCR for HSV-2

was positive on her CSF
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Table 3 Variables associated with functional outcome at discharge: univariate analyses

Unfavorable outcome (n = 29) Favorable outcome (n = 16) p value

Age 70 (57–80) 56 (50–67.5) 0.015

Age[ 65 19 (65.5) 6 (37.5) 0.045

Male gender 8 (27.6) 5 (31.3) 0.796

Immunocompromised 9 (31.1) 1 (6.3) 0.039

Duration of symptoms before hospitalization 3 (1–7) 4.5 (1–8.5) 0.476

Outside hospitalization 13 (44.8) 5 (31.3) 0.369

Hospital stay 17 (12.5–24) 9.5 (6–13.5) 0.005

Temp on admission 38.1 (37.2–39) 37.6 (36.9–38.1) 0.032

GCS 12.5 (10–14.8) 14 (10–15) 0.202

Seizures 14 (48.3) 7 (43.8) 0.771

Generalized seizures 8 (27.6) 2 (12.5) 0.228

Focal seizures 8 (27.6) 5 (31.3) 0.796

Status epilepticus 4 (13.8) 2 (12.5) 0.902

Focal deficits 12 (41.4) 6 (37.5) 0.799

Coma 14 (48.3) 1 (6.3) 0.002

Acute thrombocytopenia 18 (64.3) 3 (18.8) 0.003

ICU 21 (72.4) 6 (37.5) 0.022

Intubation/ventilation 11 (37.9) 5 (31.3) 0.653

CSF findings

CSF glucose (mg/dL) 61 (47.5–75.5) 58 (55–70) 0.833

CSF glucose/blood glucose 0.48 (0.44–0.56) 0.51 (0.40–0.57) 0.531

CSF protein (mg/dL) 70 (56.5–99.5) 79 (60–108.8) 0.421

CSF RBCs (n/mcL) 4 (1–62) 5.5 (2–23) 0.989

CSF leukocytes (n/mcL) 45 (7–108.5) 94.5 (28–274) 0.140

CSF neutrophils (%) 5 (1–31) 1.5 (0–3) 0.069

CSF lymphocytes (%) 72 (36–85.3) 81.5 (65.5–93.8) 0.103

MRI findings (n = 40)

FLAIR/T2 24 (96.0) 14 (93.3) 0.712

Bilateral involvement 11 (44.0) 7 (46.7) 0.869

Temporal lobe involvement 22 (88.0) 13 (86.7) 0.902

Frontal lobe involvement 18 (72.0) 9 (60.0) 0.435

Insula 18 (72.0) 10 (66.7) 0.723

Hemorrhage 1 (4.0) 1 (6.7) 0.712

Mass effect 11 (44.0) 5 (33.3) 0.503

Restricted diffusion 13 (68.4) 4 (26.7) 0.014

Contrast enhancement 15 (71.4) 9 (60.0) 0.475

Cortical involvement 22 (88.0) 14 (93.3) 0.576

Thalamic involvement 7 (28.0) 4 (26.7) 0.927

EEG (n = 36)

Discharges present 19 (76.0) 7 (63.6) 0.452

PLEDs 17 (89.5) 6 (85.7) 0.794

Focal slowing 15 (60.0) 6 (54.6) 0.760

Viral type

HSV 1 21 (80.8) 12 (75.0) 0.660

HSV 2 5 (19.2) 4 (25.0) 0.660

Treatment and outcome

Time to acyclovir 2 (1–3.3) 1 (1–19) 0.049

Acyclovir on day 1 12 (41.4) 11 (68.8) 0.050

Good outcome at 6–12 monthsa 11 (44.0) 16 (100.0) \0.001

Epilepsy at last follow-upb 7 (70.0) 3 (25.0) 0.032

Data presented as n (%) or median (IQR)
a Outcome at 6–12 months available in 41 patients
b Based on 22 patients for whom this information was available
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Table 4 Variables associated with functional outcome for all patients at 6–12 months: univariate analyses

Unfavorable outcome (14) Favorable outcome (27) p value

Age 75 (63.8–81.5) 57 (50–69) 0.007

Age[ 65 11 (78.6) 11 (40.7) 0.018

Male gender 3 (21.4) 8 (29.6) 0.569

Immunocompromised 6 (42.9) 3 (11.1) 0.023

Duration of symptoms before hospitalization 2.5 (1–7.8) 5 (1–7) 0.411

Outside hospitalization 4 (28.6) 11 (40.7) 0.439

Hospital stay 15.5 (12.8–23.8) 12 (8–25) 0.107

Temperature on admission 38.1 (37.2–39.2) 37.9 (37.1–38.8) 0.179

GCS 14 (10–15) 14 (10.5–15) 0.869

Seizures 7 (50.0) 14 (51.9) 0.910

Generalized seizures 4 (28.6) 6 (22.2) 0.656

Focal seizures 4 (28.6) 9 (33.3) 0.755

Status epilepticus 3 (21.4) 3 (11.1) 0.386

Focal deficits 4 (28.6) 12 (44.4) 0.318

Coma 9 (64.3) 4 (14.8) 0.001

Acute thrombocytopenia 9 (64.3) 9 (34.6) 0.071

ICU 11 (78.6) 13 (48.2) 0.051

Intubation/ventilation 5 (35.7) 8 (29.6) 0.693

CSF findings

CSF glucose (mg/dL) 61.5 (41.3–78) 59 (50.8–70.5) 0.955

CSF glucose/blood glucose 0.48 (0.44–0.60) 0.50 (0.41–0.56) 0.893

CSF protein (mg/dL) 72 (58.3–113.3) 74 (57–105) 0.902

CSF RBCs (n/mcL) 2 (1–64.5) 4 (2–25) 0.522

CSF nucleated cells (n/mcL) 50 (2.8–96.8) 80 (26–259) 0.111

CSF PMN leukocytes (%) 5 (1–18.5) 2 (0–7) 0.279

CSF lymphocytes (%) 76 (46–84) 72 (58.3–91.3) 0.561

MRI (n = 36)

FLAIR/T2 11 (100.0) 23 (92.0) 0.219

Bilateral involvement 6 (54.6) 11 (44.0) 0.559

Temporal lobe involvement 9 (81.8) 22 (88.0) 0.628

Frontal lobe involvement 7 (63.6) 16 (64.0) 0.983

Insula 7 (63.6) 17 (68.0) 0.799

Hemorrhage 1 (9.1) 1 (4.0) 0.554

Mass effect 6 (54.6) 8 (32.0) 0.204

Restricted diffusion 7 (77.8) 9 (39.1) 0.045

Contrast enhancement 6 (66.7) 14 (70.0) 0.858

Cortical involvement 10 (90.9) 23 (88.0) 0.795

Thalamic involvement 2 (18.2) 7 (28.0) 0.522

EEG (n = 32)

Discharges present 9 (75.0) 14 (70.0) 0.759

PLEDs 9 (100.0) 12 (85.7) 0.147

Focal slowing 8 (66.7) 10 (50.0) 0.354

Viral type

HSV 1 9 (69.2) 20 (80.0) 0.465

HSV 2 4 (30.8) 5 (20.0) 0.465

Treatment and secondary epilepsy

Time to acyclovir 2.5 (1–5) 1 (1–2) 0.040

Acyclovir on day 1 5 (35.7) 16 (59.3) 0.151

Epilepsy at last follow-upa 1 (50.0) 9 (45.0) 0.893

Data presented as n (%) or median (IQR)
a Based on 22 patients for whom this information was available
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Table 5 Variables associated with functional outcome at 6–12 months for HSV-1 encephalitis patients only: univariate analyses

Unfavorable outcome (9) Favorable outcome (20) p value

Age 77 (65–84) 57 (50.3–68.8) 0.015

Age[ 65 7 (77.8) 8 (40.0) 0.046

Male gender 2 (22.2) 7 (35.0) 0.483

Immunocompromised 3 (33.3) 3 (15.0) 0.273

Duration of symptoms before hospitalization 3 (1–10.5) 5 (1.3–8.5) 0.553

Outside hospitalization 3 (33.3) 8 (40.0) 0.731

Hospital stay 15 (12.5–20) 11 (7.3–21.8) 0.163

Temperature on admission 38.5 (37.6–39.2) 37.9 (37–38.5) 0.109

GCS 13 (10.8–15) 14 (12–15) 0.617

Seizures 4 (44.4) 11 (55.5) 0.599

Generalized seizures 2 (22.2) 4 (20.0) 0.892

Focal seizures 3 (33.3) 8 (40.0) 0.731

Status epilepticus 1 (11.1) 2 (10.0) 0.928

Focal deficits 3 (33.3) 10 (50.0) 0.399

Coma 5 (55.6) 2 (10.0) 0.009

Acute thrombocytopenia 5 (55.6) 6 (31.6) 0.226

ICU 7 (77.8) 10 (50.0) 0.149

Intubation/ventilation 2 (22.2) 5 (25.0) 0.871

CSF findings

CSF glucose (mg/dL) 62 (52.5–78) 60 (51–70) 0.445

CSF glucose/blood glucose 0.52 (0.47–0.60) 0.51 (0.44–0.56) 0.396

CSF protein (mg/dL) 68 (57.5–92) 75 (56.3–105) 0.724

CSF RBCs (n/mcL) 2 (1–41.3) 3 (2–12.3) 0.409

CSF nucleated cells (n/mcL) 45 (4–97) 84 (28 –232) 0.098

CSF PMN leukocytes (%) 5 (0.5–29.3) 1 (0–3) 0.158

CSF lymphocytes (%) 78 (24.8–84.5) 71 (65–91) 0.559

MRI (n = 27)

FLAIR/T2 7 (100.0) 19 (95.0) 0.434

Bilateral involvement 5 (71.4) 8 (40.0) 0.148

Temporal lobe involvement 7 (100.0) 19 (95.0) 0.434

Frontal lobe involvement 4 (57.1) 13 (65.0) 0.713

Insula 5 (71.4) 16 (80.0) 0.645

Hemorrhage 0 (0.0) 1 (5.0) 0.435

Mass effect 4 (57.1) 7 (35.0) 0.308

Restricted diffusion 5 (83.3) 7 (36.8) 0.041

Contrast enhancement 3 (60.0) 13 (72.2) 0.605

Cortical involvement 6 (85.7) 19 (95.0) 0.448

Thalamus involvement 2 (28.6) 5 (25.0) 0.854

EEG (n = 22)

Epileptiform discharges 6 (85.7) 14 (93.3) 0.575

PLEDs 6 (100.0) 12 (85.7) 0.218

Focal slowing 6 (85.7) 9 (60.0) 0.207

Treatment and secondary epilepsy

Time to acyclovir 3 (1–4.5) 1 (1–2) 0.125

Acyclovir on day 1 4 (44.4) 13 (65.0) 0.303

Epilepsy at last follow-upa 1 (50.0) 9 (56.3) 0.867

Data presented as n (%) or median (IQR)
a Based on 18 patients for whom this information was available
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long-term functional outcome, we were not able to assess

neuropsychiatric outcomes. The size of our cohort was not

sufficiently large to allow a multivariable analysis for

variables associated with functional outcome strictly

among HSV-1 cases. Since there were only 10 patients who

had epilepsy at last follow-up, we could not analyze the

factors predicting the development of this complication.

Conclusion

Our study of a consecutive series of patients with PCR-

confirmed HSE indicate that the outcomes of HSE have

improved over time and are now generally good, irrespec-

tive of clinical presentation or the extension of radiographic

involvement. Younger age, preservation of consciousness,

earlier treatment and absence of DWI abnormalities portend

a favorable outcome. Conversely, presence of restricted

diffusion on MRI should be considered a marker of unfa-

vorable prognosis. Treatment with acyclovir should be

initiated immediately in any suspected case and aggressive

treatment should be pursued in patients with severe pre-

sentation because good functional recovery is possible.
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